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Abstract 
Timber management, especially clear-cut logging, dramatically alters forest ecosystems.  In 
temperate conifer forests of the Pacific Northwest, succession following deforestation is a slow 
process, lasting several decades for early and mid-successional stages and several hundred years for 
late maturity and old growth stages.  Despite the history of logging in the region and the importance 
of these forests to wildlife, it is not well understood how animal communities respond to forest 
disturbance, particularly over successional gradients.  In this study, I examined the response of 
macromoth communities to habitat change in western Washington State by sampling moths along a 
chronosequence of previously-logged sites and by making comparisons to moth communities in old 
growth areas.  Based on previous research on moths in a variety of forest ecosystems, I expected to 
find that abundance, species richness, and diversity would all be lowest in recently-logged sites but 
would increase with stand age.  I also predicted that the proportion of rare and unique species 
(species occurring at only one site) would increase with stand age, as would the number of specialist 
feeders, but I expected the relative abundance of pests and non-natives to decrease with increasing 
stand age.  
I found that moth abundance increased with stand age among previously-logged sites, while 
average species richness and diversity (measured by the alpha index) were greater in old growth 
areas for both observed and sample size-corrected values.  Based on rarefaction curves, it was 
evident that sample sizes were not large enough to attain a firm measure of total species richness at 
each site, but a modest increase in sampling effort may be sufficient to achieve this in some sites.  
Shifts in community structure were detected by analyzing proportions of species and individuals 
within functional groups.  For example, the relative abundance of generalist feeders and pest 
species decreased with increasing stand age, while the proportion of oligophagous and conifer-
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feeding individuals increased with stand age.  In old growth sites, the average proportion of 
specialist feeding species was greater than in previously-logged sites.   
 The effects of deforestation were most pronounced in stands less than 10 years old.  Moth 
communities at these sites had distinct community structure and species assemblages.   Despite the 
large differences among very young sites, moth communities in previously-logged stands 
increasingly resembled those in old growth forests as stand age increased for many of the 
community variables examined, and this similarity was generally most pronounced for the oldest 
previously-logged sites.  The community-wide responses following deforestation suggest that moths 
are potentially useful indicators of habitat disturbance and quality.  The geometrid subfamily 
Larentiinae and noctuid subfamily Xyleninae closely represented overall patterns in moth 
community dynamics and would likely serve well as indicators of macromoth species richness and 
diversity in forest stands of different ages within this region and elevation range.    
Specifically identifying which factors associated with stand history were responsible for the 
observed shifts in moth community structure was not an objective of this study.  Given the 
important relationship between moths and their larval host plants, it is nonetheless likely that 
changes in plant community structure and canopy complexity during secondary succession influence 
macromoth communities.  Further studies should address if changes to forestry practices, such as 
shifting from clear-cut to selective harvesting, might improve moth biodiversity by retaining aspects 
of plant diversity and forest structure.  Based on my results, simply increasing the length of harvest 
rotations in these forests could result in important changes to moth biodiversity, which may have 
important ecological consequences for the numerous species utilizing moths as a food source.  
However, it appears that even after 85 - 95 years, moth communities in previously-logged sites do 
not fully resemble communities in old growth sites.    
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 Introduction 
 
Coniferous forests in the Pacific Northwest are managed for multiple uses, including watershed 
services, recreation, wildlife habitat, and timber.  The latter has been particularly important to the 
region because of its economic importance and the transformative influence it has exerted on much 
of the landscape.  The ecological effects of timber management, in particular, have been drastic.  
Logging has resulted in the large-scale simplification of forest structure by reducing the presence of 
snags, fallen logs, and the size and growth forms of trees (Franklin et al. 1989, Hansen et al. 1991). In 
addition, landscape heterogeneity has decreased due to a reduction in the range of patch sizes, 
reduced genetic diversity of trees, a shortening of early successional stages, and elimination of late 
successional stages (Franklin et al. 1989, Strittholt et al. 2006).  Practices such as clear-cut logging, 
rapid replanting of trees, suppression of shrub and herb stages, and short-rotation harvests have all 
contributed to these effects.   
The impact of logging has been widespread throughout the Pacific Northwest (Noss et al. 1995) and 
has drastically reduced the presence of old growth forests.  For example, only an estimated 28% of 
the old growth existing at pre-European settlement remains (Strittholt et al. 2006).  Of the low 
elevation forests in western Oregon, only 6% exist as old growth (Ohmann et al. 1988), while some 
old growth reserves in National Forests, which tend to occur at higher elevations, have been 
reduced by 75% within the past 50 years (Schowalter 1995).  Similarly, in a study of 15 National 
Forest areas in western Oregon during the timber harvest boom of the 1980s, the presence of 
recent clear-cuts doubled and accounted for nearly 20% of all forest land (Ripple et al. 1991).   
Forests west of the Cascade Range are unique because the generally wet conditions and temperate 
climate allows these ecosystems to be long-lived, structurally complex, and highly productive.  
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Structural complexity generally increases with stand age and is highest in old growth stands 
(Franklin et al. 1981).  This is because trees that comprise old growth can live for hundreds of years 
and achieve great heights, while slow-decaying wood, a rich duff layer, multi-layered canopies, and 
gaps and irregularities in the overstory canopy all generally increase with time and contribute to 
habitat complexity (Franklin et al. 1981, Spies 1998).   
Structural complexity in forests is generally believed to promote biodiversity and productivity (Ishii 
et al. 2004), because forest structure provides gradients in microclimate, solar radiation, and habitat 
availability (Spies 1998).  Many organisms are associated with mature and old growth forests in the 
Pacific Northwest, including birds that nest in cavities or on broken tree tops (Michel and Winter 
2009), vertebrates, invertebrates, plants, and fungi that depend upon coarse woody debris (Spies 
1998), and epiphytic lichens (Halpern and Spies 1995).  Many additional species that are not old 
growth specialists are found in higher abundances in old growth forests than in younger or managed 
stands (Hansen et al. 1991).   
Forest structure and many ecosystem processes are profoundly altered by logging, especially clear-
cut harvesting.  Timber harvesting removes large amounts of energy and nutrients from the 
ecosystem and causes dramatic short-term changes in primary productivity.  Long-term productivity 
of the site can be negatively impacted due to disruption of soils caused by heavy machinery and 
timber operations (Childs et al. 1989).  Such logging activities can increase erosion while reducing 
the water infiltration and holding capacity of the soil, soil aeration, and the abundance of beneficial 
soil fungi and microbes (Childs et al. 1989). These effects can reduce forest productivity for several 
decades (Childs et al. 1989).  Disturbance to the ecosystem may also continue following harvest, as 
the site is further managed to clear slash, apply herbicides, replant, and thin.  For these reasons, 
logging is considered the most intense form of anthropogenic forest disturbance, apart from 
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conversion to a different type of land use such as urbanization (Maleque et al. 2006), and can be 
more disruptive than natural disturbance, which tends to retain significant proportions of biomass 
and structural complexity in the form of snags, fallen logs, and patches of living trees (Oliver and 
Larson 1990, Hansen et al. 1991). 
An important consequence of timber management is the decrease in biodiversity resulting from 
habitat loss, changes in forest structure, and fragmentation (Maleque et al. 2006).  Species that are 
associated with late successional stages may be especially rare within managed forest tracts, 
whereas species that are forest specialists are easily displaced because they are unable to live in 
open habitats produced by logging (Hansen et al. 1991).  The removal of biomass and nutrients, a 
decrease in soil fertility, and the short-term disruption of primary productivity all contribute to the 
fact that recently logged sites can be less productive and support less plant and animal biomass 
(Childs et al. 1989, Franklin et al. 1989, Hansen et al. 1991).    
Despite the history of logging in the region and the importance of these forests as wildlife habitat, 
the impacts of timber management on biotic communities are not well understood.  This is 
especially true with regard to biodiversity patterns along successional gradients.  More knowledge is 
needed to understand the fine scale temporal changes in wildlife diversity as forest structure and 
plant diversity changes over time following logging.  In Pacific Northwest forests, these changes 
occur over decades, even centuries, as these forests change from open clear-cut to old growth 
forest.  Given the ecological importance of primary consumers, it is particularly relevant that we 
understand how these animal communities change in response to and following logging if we are to 
fully understand the effects of forest harvesting.     
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Such knowledge can be used to make informed decisions relating to preservation of biodiversity in 
managed forests.  If forest lands are to be managed for both timber and biodiversity, then it is 
important to know the optimal frequency of harvesting to balance these two objectives.  With a 
better understanding of changes in animal communities along successional gradients, it is possible 
to determine the number of years that are required for them to return to late successional 
community structure, and then adjust timber rotations accordingly.   
It would be difficult, if not impossible, to assess the response of all species in forest communities 
following logging.  Subsampling is an effective alternative if select groups of species are monitored 
that are sensitive to changes in habitat quality and are indicative of responses by other species in 
the community.  In general, such species are referred to as indicator taxa or bioindicators (McGeoch 
1998).  Arthropods are particularly well suited as biological indicators because they are abundant, 
responsive to ecological conditions, display successional and seasonal patterns, have quick turnover, 
and are easily sampled (Maleque et al. 2006).  They are also taxonomically and functionally diverse, 
accounting for more than half of all terrestrial animal species, and are among the most critical 
biological components in forest systems (Stork 1998, cited in Summerville and Crist 2002).  
Numerous studies have demonstrated that many different types of insects, from mayflies to beetles, 
are suitable biological indicators in systems ranging from streams to desert-scrub (e.g., Kimberling et 
al. 2001 and reviewed in Maleque et al. 2006). For example, in Australia, ants are routinely used to 
monitor the effectiveness of mining reclamation projects because this approach provides more 
dynamic feedback than vegetation monitoring alone, is cost effective, and because ants can be 
indicators of responses of many other invertebrates to habitat quality (Andersen and Majer 2004).  
Similarly, freshwater insects are often of central focus in the biological monitoring of streams 
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because they are sensitive to changes in water quality and are easy to sample (Morley and Karr 
2002). 
Surprisingly few studies have examined potential arthropod indicator taxa in temperate coniferous 
forests.  Arthropods in these systems have many important roles and represent a large component 
of animal diversity.  For example, Parson et al. (1991) found 3,400 arthropod species in a single 
6,400 ha site in Oregon and estimated 6,000 species in total.  Among the wide variety of arthropods 
in these forests, macromoths (Lepidoptera: Bombycoidea, Drepanoidea, Geometroidea, 
Lasiocampoidea, and Noctuoidea) are particularly attractive as potential indicator taxa because they 
are abundant, easily sampled, diverse, and taxonomically well-known (Miller and Hammond 2000).  
Several studies have demonstrated that macromoths are indicators of habitat disturbance in other 
types of forest ecosystems, including tropical and subtropical forests (e.g., Willot 1999, Kitching et 
al. 2000), montane forests (Hilt et al. 2006), and deciduous (Summerville and Crist 2002, 
Summerville et al. 2004) and spruce (Thomas 2002) forests of northeastern North America.  In 
addition to being sensitive to changes in habitat quality, macromoths may also serve as indicators of 
diversity in other invertebrate taxa or even some vertebrates (e.g., Blair 1999). 
Apart from their role as potential indicators of habit quality, the study of macromoth communities 
over a successional gradient is important because they represent a large and diverse group of 
herbivores, with well over 1,000 species in the greater Pacific Northwest (Miller and Hammond 
2000), many of them able to feed on hard-to-digest conifer needles.  They also serve as important 
food sources for a variety of insects, birds, and mammals.  In the Cascade Range, approximately 100 
species of vertebrates consume moths and butterflies (Hammond and Miller 1998).  For example, a 
study of feeding behavior in bats in western Oregon forests found that moths were consistently 
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among the most prevalent prey items of bats, and that some species feed exclusively on moths, at 
least during portions of the year (Ober 2007).    
Although there has been a substantial increase in moth studies in North America in recent years 
(Summerville and Crist 2008, Powell and Opler 2009), the knowledge of moth communities is still 
limited, especially relating to factors influencing their community structure in natural and managed 
forests (Summerville and Crist 2008).  Regardless, larval feeding preferences  and other life history 
traits are known for many species, at least partially (e.g., Tietz 1972, Miller and Hammond 2000, 
Robinson et al. 2002, Powell and Opler 2009), enabling research that describes not only distribution 
and diversity patterns, but trends in functional groups such as feeding guilds.  
In this study, I examined the response of moth communities to logging disturbance in the temperate 
coniferous forests of lowland western Washington State, as well as the changes in those 
communities that happen during forest regrowth.  In doing so, this study provides not only an 
understanding of the impact of forestry practices on this important group of herbivorous insects, 
but also enables a first assessment of the potential for moths to serve as indicators of disturbance in 
forests in this region. To address these issues, I sampled macromoth communities in old growth 
stands and in a chronosequence of previously-logged forests in northwest Washington to test 
several specific hypotheses.   
First, I hypothesized that macromoth communities in previously-logged sites would have lower 
abundance, species richness, and diversity compared to old growth sites, and that these differences 
would diminish with time since the site was logged.  This is because arthropod abundance and 
diversity are often greater in old growth forests (Schowalter 1995) and are related to habitat 
complexity and productivity (Maleque et al. 2006).  In addition, because forest structure and plant 
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diversity and composition change dramatically over the course of succession, I predicted that moth 
community composition would change along a successional gradient, not only in species 
assemblages and relative abundances, but also in the relative dominance of particular functional 
groups.  Specifically, I hypothesized that the proportion of rare taxa and the relative abundance of 
specialist feeders would increase with stand age among previously-logged sites and be highest in old 
growth stands.  Also, I expected a decrease in the relative abundance of non-native species, pests, 
and generalist-feeders with increasing stand age and that these values would be lowest in old 
growth stands.  These hypotheses are based on ecological theory predicting a higher proportion of 
specialist species (which are often numerically rare) in natural forests (reviewed in Kitching et al. 
2000), the tendency for species assemblages in different successional stages to be unique (e.g., 
Schowalter 1995, Summerville and Crist 2002), the tendency for lower invasibility of species-rich 
communities (Hooper et al. 2005, but see Stohlgren et al. 1999), and because variability in plant 
communities in early successional environs should favor generalist-feeders and pest species 
(Hirowatari et al. 2007).  Finally, because previous studies have found that overall diversity can be 
predicted in moths and butterflies by sampling one or a few subfamilies (Beccaloni and Gaston 
1995, Summerville et al. 2004), I hypothesized that some macromoth taxa would prove to be 
indicative of the responses of the entire macromoth community to habitat disturbance. 
Methods 
 
Study Sites 
 
I conducted this research project in low- to mid-elevation forests of northwestern Washington State 
(Figure 1).  This region is characterized by a temperate climate and annual precipitation ranging 
from approximately 100 mm to 250 mm, despite relatively dry summers (Western Regional Climate 
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Figure 1.  Map of northwest Washington showing the locations of the sampling areas used in 
this study.  Previously-logged areas are coded by a two letter abbreviation, while old growth 
sites are coded using 4 letters, each beginning with “OG” (see Table 1).  BH= Blanchard Hill, 
CL=County line parcel, LW= west Lake Whatcom, VZ = Van Zandt Dike.   Each old growth area 
was sampled at a single site, while all previously-logged areas except LW were sampled at 
multiple sites, each representing a different stand age.  Lower map image: ©Google – Map 
data ©2010 Google.     
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Center 2009).  The forests in northwestern Washington are dominated by coniferous trees, 
especially Douglas fir (Pseudotsuga menziesii [Mirb.] Franco), which is considered a sub-climax 
species even though it may live for several hundred years (Franklin and Dyrness 1973).  Flowering 
trees are often associated with early successional forest stands and include red alder (Alnus rubra 
Bong.) and bigleaf maple (Acer macrophyllum Pursh), while some gymnosperms such as western 
hemlock (Tsuga heterophylla [Raf.] Sarg.) and western red cedar (Thuja plicata Donn.) are often 
associated with climax, or late successional, forests.  Understory vegetation also varies with 
successional stage, and includes deciduous and evergreen shrubs, ferns, and herbaceous plants 
(Franklin and Dyrness 1973).    
I identified twenty previously-logged study sites and four old growth (unlogged) sites for inclusion in 
this study.  All 20 previously-logged study sites were located on lands managed for timber 
production by the Washington Department of Natural Resources (WDNR).  The ages of the 
previously-logged forest stands used in this study ranged from 1 year to 95 years post-harvest (Table 
1); I chose sites so that this entire age distribution would be evenly covered by my study.  Ages were 
determined by the WDNR from archived dates of logging activities or through estimation using tree 
core analysis (C. Hankey personal comm.).  Public access to some of these sites was restricted, and 
where applicable, I was given special permission by the WDNR to conduct research there.   All sites 
were presumably harvested by clear-cutting, as this technique is traditionally the most common 
method in the region, and because all sites were visibly even-aged in terms of forest canopy.  The 
only exception is for the two most recently logged sites that, while mostly clear-cut, contained one 
or two small aggregations of legacy trees that were not harvested.  All sites were likely replanted by 
hand, as opposed to being re-vegetated naturally, and may have received some level of post-harvest 
management such as herbicide treatment and physical removal of unwanted vegetation.   I  
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Table 1.  Location, stand age, and elevation of sites used in this study.  All sites occur in northwest 
Washington State and were sampled during summer 2009.   Stand age is reported in years 
following disturbance, either estimated time since natural disturbance for old growth sites or time 
since logging for disturbed sites.  Old growth sites have the prefix “OG” while previously-logged 
sites have a two letter prefix followed by the year of stand origin.      
Site Code Age  Description County Elevation (m) Coordinates 
Previously-logged sites    
VZ2008 1   Van Zandt Dike Whatcom 499  48°45'7.26"N, 122° 8'25.92"W 
VZ2005 N 4   Van Zandt Dike Whatcom 620  48°46'54.96"N, 122° 8'6.12"W 
VZ2005 S 4   Van Zandt Dike Whatcom 552  48°44'40.92"N, 122° 8'7.14"W 
BH2001 8   Blanchard Hill Skagit 520  48°38'4.26"N, 122°23'47.82"W 
CL1990 19   County Line Parcel  Whatcom 304  48°39'7.02"N, 122°13'37.86"W 
BH1988 21   Blanchard Hill Skagit 266  48°37'16.80"N, 122°22'58.98"W 
BH1983 26   Blanchard Hill Skagit 324  48°38'1.20"N, 122°23'16.98"W 
CL1978 31   County Line Parcel  Whatcom 320  48°39'33.12"N, 122°13'52.56"W 
VZ1975 34   Van Zandt Dike Whatcom 604  48°46'11.46"N, 122° 8'43.92"W 
VZ1966 43   Van Zandt Dike Whatcom 491  48°45'44.40"N, 122° 8'47.40"W 
VZ1963 46   Van Zandt Dike Whatcom 577  48°45'59.94"N, 122° 8'34.62"W 
VZ1956 53   Van Zandt Dike Whatcom 499  48°45'28.38"N, 122° 8'37.68"W 
BH1943 66   Blanchard Hill Skagit 361  48°37'31.92"N, 122°23'11.40"W 
BH1939 70   Blanchard Hill Skagit 393  48°38'9.36"N, 122°23'30.60"W 
VZ1936 73   Van Zandt Dike Whatcom 520  48°44'48.72"N, 122° 8'20.88"W 
CL1934 75   County Line Parcel  Skagit 341  48°38'10.38"N, 122°13'41.34"W 
VZ1924 85   Van Zandt Dike Whatcom 226  48°48'57.00"N, 122° 8'33.36"W 
VZ1922 87   Van Zandt Dike Whatcom 294  48°48'54.18"N, 122° 8'42.24"W 
CL1915 94   County Line Parcel  Whatcom 355  48°39'13.62"N, 122°13'50.94"W 
LW1914 95   Lookout Mountain Whatcom 462  48°41'48.84"N, 122°20'38.16"W 
Old growth sites    
OGLL 155   Lake Louise NRCA Whatcom 216  48°43'55.98"N, 122°21'54.12"W 
OGBL 166   East Baker Lake Whatcom 308  48°39'20.10"N, 121°40'10.62"W 
OGRP 280   Rockport St. Park Skagit 183  48°29'27.60"N, 121°36'30.48"W 
OGSS 500   West Baker Lake Whatcom 296  48°40'2.34"N, 121°43'0.54"W 
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confirmed that none of my sites received any of these treatments the same year of the study. 
To make comparisons to logged sites, I identified four old growth stands located on WDNR, USFS, 
and Washington State Park lands.  In this study, “old growth” is defined as a forest stand generally 
having old growth characteristics, such as large diameter Douglas fir trees  (which is the dominant 
tree in sub-climax old growth forests of the region), reduced stem density of overstory tress 
compared to young forest stands, a mixed understory including shade tolerant trees such as western 
hemlock, and rotting wood in the form of snags and downed logs (Franklin et al. 1981), and no 
history of stand-replacing disturbance (e.g., fire, logging, landslide) within the last 150 years.   The 
definition of old growth used here may be dissimilar to other commonly used criteria because I 
made no attempt to use quantitative methods to define old growth status (e.g., Franklin and Spies 
1991) and because some sites may be younger than the ages commonly specified as constituting old 
growth.  For example, Franklin et al. (1981) state that old growth generally takes 175 to 250 years to 
develop, which is slightly older than two old growth sites used in this study.  By using the term “old 
growth,” I simply mean to describe areas that are relatively old and in a pristine state due to the 
absence of logging.  To determine the ages of the old growth sites, I either spoke to land managers 
or reviewed agency documents (A. Nickerson personal comm., USFS 2005a, USFS 2005b).  In one 
circumstance, I estimated stand age at site OGLL by taking a single tree core from a Douglas fir tree 
that was similar in diameter to other dominant Douglas fir trees growing there. 
I controlled several environmental variables in order to make comparisons across study sites.  
Specifically, all previously-logged sites were located within an approximately 15 km radius and had 
an elevation between 226 m and 620 m.  Elevation was determined using Google Earth, based on 
coordinates of longitude and latitude taken at each site using a hand-held GPS unit.  All sites had an 
easterly aspect and slopes between 15° and 35°.  Geographical attributes for old growth sites were 
12 
 
harder to control because of the scarcity of such stands, especially at the elevations used in this 
study, and therefore they differed from the previously logged sites in several regards.  Two of the 
four sites were relatively flat while the mixed topography of the other two sites consisted of both 
hilly and flat areas, compared to the mostly uniform slopes of previously-logged sites.  The aspects 
of old growth sites were also more variable, although the shallow slopes and mixed topography of 
the old growth sites probably minimized the environmental effect produced by aspect.  The four old 
growth sites were also found at lower elevations (183 – 308 m) and were more physically separate 
from one another and from previously-logged sites; the farthest distance between any two sites was 
approximately 62 km, compared to approximately 28 km for the two most distant previously-logged 
sites (Figure 1). 
 
Trapping Protocol 
 
During the summer of 2009, I sampled macromoth communities at each of the 24 study sites using a 
15 W ultraviolet light trap (Figure 2).  Traps such as these are commonly used to sample moth 
communities (e.g., Yela and Holyoak 1997, Kitching et al. 2000, Summerville and Crist 2002, Miller et 
al. 2003), because most moths are nocturnal and attracted to ultraviolet light (Miller and Hammond 
2003, Triplehorn and Johnson 2005).  Light traps are easy to use, can operate unattended, and can 
reduce human bias that may be present when using methods that require collection by hand.  My 
traps were activated from dusk until dawn for each night of trapping in this study.  
The traps used in this study were constructed by Western Washington University’s Scientific 
Technical Services and are similar to commercially-available light traps.  The traps work by attracting 
moths to an ultraviolet lamp that is surrounded by three white vertical baffles.  The moths hit or 
attempt to land on the baffles and drop into a collection apparatus directly below the light.  Within  
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Figure 2.  An ultraviolet trap, as deployed in a recently-logged stand.  
Three white baffles surround a 15 W ultraviolet lamp, atop a 5-gallon 
bucket fitted with a funnel top. Trap design courtesy of Lars Crabo.  
Photo by Merrill Peterson. 
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the collection apparatus is ethyl acetate, a volatile killing agent, which stuns and kills the moths.  
The 15 W lamp is powered by a 12V battery and is regulated by a photoelectric switch that ensures 
the light is powered only during low-light (nocturnal) conditions.  I conducted trapping throughout 
the summer of 2009 because macromoth community composition can vary temporally due to 
phenological differences among species.   To obtain a representative sample of the overall moth 
community, trapping took place once a month for three months (June – August) at each site (Table 
A1); the results from these three samples were pooled for analysis.  To ensure compliance with 
applicable wildlife laws, I performed all trapping under Washington State Scientific Collection 
Permit, #09-026, and by special permission of Washington State Parks where applicable.    
Within this general sampling period, I conducted trapping each month during a seven day timeframe 
centered on the arrival of the new moon.  This ensured that trapping occurred only on nights with 
little or no moonlight, thus increasing the efficiency of the traps and standardizing the sampling 
conditions among sites.  Moonlight can reduce the efficiency of light traps by increasing the amount 
of ambient light, essentially making the traps less attractive to moths (Yela and Holyoak 1997). 
Weather conditions, such as cold temperatures and precipitation can also impact trapping efforts 
(Yela and Holyoak 1997).  To minimize the impacts of weather on among-site differences in sampling 
efficiency, I trapped only when nightly temperatures were forecasted to be above 10° C and when 
the chance of precipitation was less than 20%.  I could typically sample three to four new sites on a 
given day because of the time required to retrieve traps from sites sampled on the previous night 
and to transport them to new sampling locations.   
Other measures were taken to minimize potentially confounding effects relating to use of the light 
traps.  Specifically, I placed traps at least 70 m from a stand’s edge and in a location that was 
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representative of local environmental conditions.  Sites were also sampled in a different order in 
each of the sampling periods.    
Processing and identification of specimens 
 
Each deployed trap was checked and emptied early the following day.  Moths collected in a trap 
were stored in a -80° C or -20° C freezer in the Biology Department at WWU.  Each sample was 
sorted and individuals were identified to species if possible with the help of experts in Lepidoptera 
taxonomy (Lars Crabo, Paul Hammond, and Merrill Peterson) and with the use of taxonomic guides 
and photographic resources (e.g., McGuffin 1972, Ferguson 1985, Lafontaine and Poole 1991, 
Canadian Biodiversity Information Facility 2004).  At least one specimen of each species (or genus, 
when species-level determinations were unreliable) was pinned, dried, and incorporated into a 
reference collection that is now part of the Western Washington University Entomological Collection 
housed in the Biology Department.   
 
Special categories and definitions 
 
In addition to taxonomic identification, I grouped each species into a variety of categories to enable 
an assessment of the response of the functional structure of moth communities to stand age.  Each 
species was categorized according to its status as a pest, non-native or native species, by its rarity, 
and by its larval diet breadth and host plant preferences.  A pest is a subjective description for an 
organism and is often used for species that negatively impact a resource that is economically 
important to humans.  For this study, I classified a pest as any macromoth species that is commonly 
recognized as having the potential to inflict economically-significant harm to plants valued in 
agriculture or silviculture.  I defined non-native species as those species whose occurrence in the 
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region was due to artificial (i.e., anthropogenic) transportation from its native range.  The terms 
“exotic” or “invasive” are often used as synonyms; however, in this thesis “invasive” is reserved only 
for those non-native species that are widespread, abundant, and significantly impact the host 
ecosystem.   
I also categorized species according to their larval feeding preferences to explore potential changes 
in the functional/ecological roles of moths (e.g., Summerville and Crist 2002, Belaoussoff et al. 2003, 
Miller et al. 2003) as a function of stand age.  To examine patterns related to larval diet breadth, I 
assigned each species to one of three categories, similar to Summerville and Crist (2002).  Specialists 
were defined as moth species that utilize plants within a single genus, oligophages were defined as 
moth species that utilize plants across two or more genera within a single family, and generalists 
were defined as moth species that utilize several plant species across more than one family.   
I also classified species by larval host plant preferences.  These categories include: flowering trees 
only, flowering shrubs only, polyphagous on flowering plants, conifers only, herbaceous plants only, 
mixed flowering and coniferous plants, and other.  I consulted multiple references (e.g., Tietz 1972, 
Miller and Hammond 2000, Robinson et al. 2002, Powell and Opler 2009) to gather information 
about larval diet preference and breadth.    
I was also interested in analyzing species that were numerically rare or found at only one site 
because these species can significantly contribute to biodiversity and may indicate the presence of 
specialist species or dispersing individuals (Miller et al. 2003, Hilt et al. 2006). For this analysis, I 
considered only rare species, defined as those having no more than two individuals present at any 
one site, and unique species, those present at only one study site.     
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Vegetation and Environmental Sampling 
 
I collected vegetation data at each site to explore potential effects of vegetation on moth 
community structure.  I determined the composition of tree species present at each site by visually 
estimating the proportion of live stems present.  I also sampled ground cover vegetation by visually 
estimating the percent cover of broad vegetational categories (moss, sword fern [Polystichum 
munitum (Kaulf.) Presl], other ferns, saplings, Vaccinium, other shrubs, herbs, and bare) within 
quadrats.  I defined ground cover vegetation as any plant species rooted in the ground and shorter 
than 5 m and estimated percent cover as the proportion of ground area occupied by each category 
of vegetation as viewed from above.  To quantify ground cover, I took visual estimates at each site in 
June and August using 1 m2 quadrats.  In June, four quadrats were used per site, each placed 10 m 
from the location of the trap in one of the four cardinal directions (Figure 3).  In August, two such 
quadrats were used, placed 20 m from the trap at 45° and 225° relative to magnetic north.  I also 
measured canopy cover using a spherical, convex mirrored densiometer held at chest height.  
Measurements of canopy cover were conducted jointly with ground cover vegetation sampling by 
taking a densiometer reading at each of the six sites where (and when) quadrats were placed.  
Overall, these methods had the advantage of being efficient while still providing broad detail about 
the types of plants present (e.g., shrubs vs. herbs) with finer detail about some groups of plants 
(e.g., sword fern vs. other ferns) and where there was a lack of vegetation.  This sampling method 
did not quantify the total number of plant species present within quadrats, nor did it survey 
epiphytic plants and lichens that may be important to moth communities.  Thus, my sampling effort 
was not designed to provide a rigorous estimate of vegetational diversity at each site and was 
biased towards the environment immediately surrounding the trap.    
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N 
Figure 3.  Schematic representing the sampling plan for ground cover vegetation.  Squares 
represent 1 m2 quadrats, the circle represents the UV light trap used for collecting moths, and 
lines denote the distance from the trap (see legend).  In June, four quadrats were placed 10 m 
N, S, E, and W from the trap.  In August, two quadrats were placed 20 m from the trap at angles 
of 45° and 225° from magnetic north.  
10 m; sampled in June 
20 m; sampled in August 
Trap 
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Several environmental and geographical attributes were also recorded at each site, including slope, 
aspect, and elevation.  Air temperature was recorded at each site on each trapping night using an 
iButton datalogger, which recorded temperature in 10 minute intervals.       
 
Data analysis 
Univariate analysis  
 
I pooled moth data from the three sampling dates at each site to calculate parameters of moth 
community structure.  These metrics include abundance, species richness, three diversity indices 
(Shannon, Simpson, and alpha), and the J’ evenness index.  Values for the diversity indices were 
calculated using the vegan and BiodiversityR packages designed for R (R Development Core Team 
2008).  These diversity indices incorporate both species richness and relative abundance (Krebs 
1989) and therefore are useful for analysis of community composition (Belaoussoff et al. 2003). The 
alpha index of diversity, also known as Fisher’s alpha, is a parametric diversity index based on a log 
series distribution of species abundances (Fisher et al. 1943, Krebs 1989) and is mainly influenced by 
species with medium abundance (Axmacher et al. 2004):    
α =
𝑁 (1 − x)
x
 
where α equals the diversity index, N equals the total number of individuals per site, and x equals 
the parameter of logarithmic series (see Krebs 1989).  In contrast, the Shannon and Simpson indices 
of diversity are both non-parametric estimators.  The Shannon index is sensitive to rare species 
(Shannon and Weaver 1949, Krebs 1989): 
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𝐻′ = − ∑ 𝑝𝑖
𝑠
i=1
ln 𝑝𝑖 
where H’ equals the diversity index, s equals the number of species, and 𝑝𝑖 equals the proportion of 
individuals attributed to the ith species.   The J’ evenness index is related to the Shannon diversity 
index (Krebs 1989):  
J′ =
𝐻′
𝐻′MAX
 
where 𝐻′MAX  = ln s and represents the largest value of H’ for a sample with a given number of 
species and individuals.  Meanwhile, the Simpson index is sensitive to abundant species and is used 
as a measure of dominance within the community (Simpson 1949, Krebs 1989):  
1 − 𝐷 = 1 − ∑ 𝑝i
2
𝑠
𝑖=1
 
where D equals the diversity index, s equals the number of species, and 𝑝𝑖 equals the proportion of 
individuals attributed to the ith species.   For all three indices, increasing values indicate greater 
diversity (Krebs 1989).  I chose the alpha index because of its use in previous studies assessing the 
diversity of moth communities (Taylor et al. 1976, Holloway et al. 1992, Thomas and Thomas 1994, 
Axmacher et al. 2004, Hilt et al. 2006), whereas the Shannon and Simpson indices were chosen 
because they are widely used in the ecological literature, including studies on moth and other 
arthropod communities (Schowalter 1995, Luque et al. 2007, Ober and Hayes 2010).   
To assess which moth taxa were strong indicators of community structure, I evaluated how strongly 
species richness and diversity were related between individual families or subfamilies and the 
overall community at each site.  To achieve this, I conducted analyses on individual families or 
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subfamilies for those taxa having 10 or more species represented in this study.  Because there were 
several families that had fewer than 10 species present in this study, I combined all species from 
these families into a single group, which I also analyzed.  I then individually compared species 
richness and diversity measures for each taxon to those of the overall community at each site using 
regression analysis, which allowed me to judge which taxa were better indicators based on high R2 
values.  Regression analysis also provided linear equations that could be used in practical 
applications to predict overall species richness or diversity based on values obtained for the 
indicator taxa (see Summerville et al. 2004 for similar methodology).   
I pooled data collected in June and August for ground cover vegetation and canopy cover at each 
site.  Vegetation data from August were unavailable for two sites (BH2001 and VZ2005 N) due to a 
misplaced datasheet; therefore, mean ground cover and canopy cover data from these two sites 
resulted from four, not six quadrats as with all other sites.  I also calculated Shannon and Simpson 
diversity index values at each site using values for the relative abundance of tree species and 
percent ground cover vegetation for all categories except “bare” and “sapling” (see Vegetation and 
Environmental Sampling).   I used the Shannon and Simpson diversity indices to explore how plant 
diversity varied with stand age and if it could potentially explain trends in moth diversity.   
Many of my hypotheses regarding temporal patterns in the diversity and community composition of 
moths and vegetation in previously-logged sites could be tested using linear regression of the 
parameters outlined above, including abundance (or percent cover for vegetation), species richness, 
and diversity, in relation to stand age.   For such regression analyses, I omitted old growth sites 
because these areas have never been logged and thus could not be included in analyses of the effect 
of stand age in previously-logged areas.   
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Old growth sites in this study were used as a source of comparison to previously-logged sites.  As 
such, I included data points for old growth sites on graphs illustrating the results of linear regression 
for previously-logged sites.  I used Student’s t-tests to compare means between old growth and 
previously-logged sites, or Welch’s t-tests in circumstances when variances were heteroscedastic.  
The latter test, which is parametric, does not assume equal variance and performs better under 
conditions of unequal variance than the non-parametric Mann-Whitney U test (Ruxton 2006).  For 
all statistical tests in this study, I used a p value of ≤ 0.050 to determine significant differences.  
Linear regression analysis was performed using either R (R Development Core Team 2008) or PASW 
Statistics v.17 (SPSS Inc.  2009). Before proceeding with regression analysis, I checked to ensure that 
the data met assumptions of normality, which was checked using the Shapiro-Wilk test.  I also 
checked for homogenous residuals, which were assessed by plotting standardized residuals against 
the adjusted predicted value.  Any relevant violation of these assumptions is mentioned in the 
Results section, as well as any data transformations used to correct these violations.   
 
Rarefaction  
 
I used rarefaction to assess the potential influence of sample size on among-site differences in 
species richness and diversity.  It is known that species richness generally increases with the sample 
size (Gotelli and Colwell 2001).  Because of this phenomenon, rarefaction is commonly used to 
compare species richness among sites having different sample size.  Rarefaction can be achieved by 
use of an equation developed by Sanders (1968) and Hurlbert (1971) that calculates estimated 
species richness for a given sample size: 
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𝐸(?̂?𝑛) = ∑ [1 − 
(𝑁−𝑁𝑖
𝑛
)
(𝑁
𝑛
)
]
𝑠
𝑖=1
 
where  𝐸(?̂?𝑛) equals the estimated species richness for a given sample size, 𝑠 equals the overall 
number of species at each site, N equals the total number of individuals per site, 𝑁𝑖  equals the 
number of individuals for species i, n equals the sample size chosen, and (𝑁
𝑛
) represents the number 
of combinations of n individuals that are possible for a given N.  Rarefaction can also be 
accomplished through random subsampling using computer simulation (Hughes and Hellman 2005).  
In both cases, species richness is estimated for sample sizes smaller than that observed.  In this 
study, I used PRIMER 5 (PRIMER-E Ltd. 2002), which uses the above equation of Hurlbert, to 
calculate estimated species richness at n = 125 for all sites.  This sample size corresponded to the 
abundance sampled from the site with the third-fewest moths captured, and was likely the lowest 
observed abundance that would still allow for reasonable estimates of species richness to be made.  
Two sites, 1 year and 4 years post-harvest, were omitted from rarefaction analyses because they 
had very low sample sizes (n =32, n =48, respectively).  At sample sizes this low, it would be a 
challenge to detect differences among sites because all rarefaction curves begin to converge at low 
sample sizes (Gotelli and Colwell 2001, Hughes and Hellman 2005).  
I also used rarefaction to create estimates of diversity at n =125 using the Shannon, Simpson, and 
alpha indices.  For this purpose, I used random subsampling of each site’s moth sample, and 
calculated species richness and diversity indices for each subsample.  Random subsampling was 
performed in R using a custom programming script (see Appendix C).  All sites except for the two 
least-abundant were randomly subsampled 1000 times.  The resulting diversity values were then 
averaged and used in statistical analysis similar to that used for the observed diversity values.  To 
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compare rarefied species richness and diversity between old growth and previously-logged sites, I 
averaged the values and ran t-tests.   
 
Multivariate analyses 
 
Examination of community composition can provide insight into complex ecological responses to 
disturbance that are not easily made with univariate analysis.  For this purpose, I used non-metric 
multidimensional scaling (NMDS; Shepard 1962, Kruskal 1964), a multivariate ordination procedure 
that is useful for comparing sites having large community datasets (Clarke and Warwick 2001).  Non-
metric multidimensional scaling makes no assumptions about datasets, such as linearity, and the 
analysis is based not on the actual data, but on a similarity matrix constructed by use of a similarity 
distance measure that is chosen by the user.  The NMDS algorithms seek to preserve the rank order 
from the similarity matrix in the distance ranks on ordination plots (Clarke and Warwick 2001).  Such 
plots are interpreted by assessing similarities between sites as relative distances, with closely 
ordinating sites more similar to one another than sites ordinating farther apart.  The flexibility and 
robustness of NMDS makes it highly applicable to community analysis (Clarke and Warwick 2001, 
McCune and Grace 2002). 
 I used PRIMER 5 (2002) to conduct all NMDS analysis.  Before creating the similarity matrix, I 
modified my raw data using a square root transformation to down-weight the influence of very 
abundant species.  I chose the Bray-Curtis similarity distance (BCSD) because of its applicability to 
community analysis (Clarke and Warwick 2001).  The BCSD is particularly useful for community 
datasets containing a large number of rare species because it is does not interpret shared absences 
of species between sites as a similarity, which principal component analysis does (Clarke and 
Warwick 2001, McCune and Grace 2002). In addition, I classified sites based on stand history 
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(previously-logged vs. old growth) to determine which moth species contributed most to the 
similarity within groups and which contributed most to dissimilarity between groups.  This analysis 
was accomplished using the SIMPER feature in PRIMER 5 (2002), which also uses the Bray-Curtis 
similarity measure.  Data were square root transformed prior to this analysis to reduce the weight of 
hyper-abundant species.  
Results 
Moth sampling 
 
My sampling effort resulted in a collection of 7,034 macromoth individuals and nearly 200 species.  I 
was able to identify approximately 90% of all individuals; poor specimen condition prevented 
identification of the remaining 10%.  A total of 188 macromoth species were identified, in addition 
to two genus-based categories (Geometridae: Cyclophora spp. and Eupithecia spp.) that were used 
when species-level determination was not possible and excluded any species in those genera that 
were identified.   For analyses, these two genus-based categories were grouped with the identified 
species to give a total count of 190 ‘species.’  This number may be conservative, however, as it is 
possible that multiple species classified as Cyclophora spp. and Eupithecia spp. were collected.  The 
species identified in this study represent nine families of macromoths, listed here by superfamily: 
Bombycoidea: Saturniidae, Sphingidae; Drepanoidea: Drepanidae; Geometroidea: Geometridae, 
Uraniidae; Lasiocampoidea: Lasiocampidae; and Noctuoidea: Erebidae, Noctuidae, Notodontidae 
(see also Appendix A).  The families Geometridae and Noctuidae respectively accounted for 38% and 
46% of all species and 63.8% and 26.2% of all identified individuals.   
The overall moth sample appears to have a truncated lognormal distribution in which a large 
proportion of species were moderately abundant or rare and a small number of species were very 
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abundant (Figure 4).  Nearly 80% of all species in this study had fewer than 30 individuals, and 18.4% 
of species were represented by a single individual.  The four most abundant species (~ 2% of all 
species) accounted for approximately one third of all individuals.  These four species and their 
respective relative abundance are: (Geometridae) Venusia cambrica Curtis (12.4%), Macaria signaria 
(Huber) (8.2%), Caripeta divisata Walker (6.8%) and (Noctuidae) Panthea virginarius (Grote) (7.9%).    
 
Moth abundance and diversity 
 
The number of individuals at each site differed widely, with a range of 34 – 614 (Appendix B) and a 
mean of 293.  Moth abundance generally increased with stand age (Figure 5) across previously-
logged sites (R2 = 0.196, p = 0.050), but average abundance was not significantly different between 
old growth and previously-logged sites (t= -1.85, p= 0.078, df=22).  Because the number of moths 
trapped varied with stand age, subsequent analyses of abundance for individual species and 
functional groups are reported as proportions, rather than absolute abundance.  
I found that species richness was significantly higher in old growth sites compared to previously-
logged sites, but it is unclear if species richness significantly varied with stand age.  Observed species 
richness increased significantly with stand age across previously-logged sites (R2 = 0.234, p = 0.031), 
but the results were non-significant when using sample size-corrected species richness (R2 = 0.038, p 
= 0.44); Figure 6).  The mean observed species richness at old growth sites was significantly higher 
than previously-logged sites (t= -2.58, p= 0.017, df= 22), as was sample size-corrected species 
richness (t= -2.55, p= 0.019, df = 20).  Because sites differed widely in sample size, and these  
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Figure 4.  Histogram displaying the number of species by abundance. Number of individuals on 
the horizontal axis is graphed using octaves that are equivalent to a log3 scale (Krebs 1989). 
The graph suggests a truncated lognormal distribution that may shift right as sample size 
increases (Williams 1964).  
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Figure 5.  Number of moth individuals per site plotted by stand age. Circles represent  
previously-logged sites and diamonds represent old growth sites.  Statistical testing was  
done using linear regression, with old growth sites excluded from the analysis. y = 2.042x  
+ 172.34, R2 = 0.196, p = 0.050. 
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Figure 6. (A) Observed and (B) sample size-corrected (at n = 125) moth species richness, 
plotted against stand age. Statistical testing was done using linear regression, with old 
growth sites excluded from the analysis.  Circles represent previously-logged sites, 
diamonds represent old growth sites. Test results: A) y= 0.244x + 37.862, R2 = 0.234, p = 
0.031; B) R2 = 0.038, p = 0.44. 
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differences can influence observed species richness counts, I used proportions in subsequent 
analysis to investigate trends in species richness within particular ecological and functional groups, 
such as feeding guilds and non-native species.     
Differences in sample size and species richness were greatest between the youngest recently-logged 
site and two old growth stands.  Site VZ2008, which was logged one year before this study, had the 
lowest values for sample size and observed species richness (Appendix B), while two old growth 
sites had the highest values for observed species richness (OGBL) and sample size (OGLL).  In 
general, the oldest previously-logged sites were similar in value to old growth sites for both 
variables. 
I found no evidence that measures of diversity responded to stand age among previously-logged 
sites, but did find differences in diversity between old growth and previously-logged sites.  There 
were no significant regressions across previously-logged sites for both observed (Figure 7) and 
sample size-corrected diversity and evenness (latter results not shown).  However, Shannon and 
alpha diversity values for old growth sites were 16% (t= -2.28, p= 0.032, df = 20) and 37% (t= -2.39, 
p= 0.026, df=22) greater, respectively, than for previously-logged sites.  Differences for Simpson 
index values were non-significant (p= 0.177).  The difference between Shannon index values of old 
growth and previously-logged sites was not significant when corrected for sample size (t= -1.95, p= 
0.065, df= 20), a correction that did not affect the significance of the alpha index (t= -2.94, p= 
0.0081, df = 20).   
The single lowest observed value for each diversity index was found in previously-logged sites, 
whereas the highest values occurred in old growth sites.  The lowest value for the alpha diversity 
index belonged to LW1914, a 95-year old previously-logged site, while the lowest values for the 
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Figure 7.  Linear regression analysis of (A) Shannon (H’), (B) Simpson (1-D), (C) alpha diversity indices 
and (D) the J’ evenness index plotted against stand age.  Circles represent previously-logged sites, 
diamonds represent old growth sites.  Old growth sites were not included in the regression analysis. 
Test results: A) R2 = 0.067, p =0.270; B) R2 0.008, p=0.702; C) R2 = 0.008, p = 0.713; D) R2= 0.044, p= 
0.373.   
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Shannon, Simpson, and J’ evenness indices were from BH2001, an 8-year old site (values listed for all 
sites in Appendix B). The highest values for all three diversity indices belonged to the old growth site 
OGRP.  Notably, among old growth sites, OGLL had considerably lower diversity values for all indices 
used (Figure 7).  
 
Patterns of moth rarity and uniqueness  
 
Among previously-logged sites, younger stands had drastically higher proportions of rare and unique 
species and these values generally decreased with stand age.  The average proportion of unique 
species (any species occurring at only one site) was 2.5 times greater for the three youngest sites 
compared to the average for all previously-logged sites (Figure 8).  Overall, the proportion of unique 
species within a given community significantly decreased with stand age among previously-logged 
sites (R2 = 0.315, p= 0.010; log transformed) and was not significantly different from the mean value 
of old growth sites (t= -0.03, p= 0.98, df =22).  I observed a similar trend with the occurrence of rare 
species (any species having less than three individuals present per site at all sites).  Younger sites 
had comparatively high proportions of rare species present (Figure 8) and these values significantly 
decreased with increasing stand age among previously-logged sites (R2= 0.288, p = 0.015).  I found 
no difference between the previously-logged and old growth sites (t= -0.57, p= 0.58, df= 22).   
 
Species-specific responses to stand age 
 
Many moth species were not uniformly distributed among the study sites and instead were 
observed at sites within a particular range of ages.  However, many of these species were low in 
abundance and their distribution may simply have been an artifact of their rarity or under-sampling.  
For example, 12 species were found only at old growth sites, all represented by five or fewer   
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Figure 8.  Unique (A) and rare (B) species as percentages of total species per site and plotted by stand 
age. Circles represent previously-logged sites, diamonds represent old growth sites. Statistical testing 
was done using linear regression, with old growth sites excluded from the analysis. Percentages were 
log transformed for unique species to correct for non-normal distribution.  Test results: A) y= -0.007x + 
0.859, R2 = 0.315, p = 0.010; B): y= -0.113x + 22.8, R2 = 0.288, p = 0.015. Unique species are defined as 
those that occurred at only one study site.  Rare species are those that had less than three individuals 
present per site, across all sites.      
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individuals except one species.  Twenty other species were only found at sites younger than 35 years 
old, but most of these species were represented by just one individual.  To be more confident that 
the observed distribution is characteristic of the species’ true distribution, I mention here only those 
species that had more than 15 individuals collected in total.  Using this criterion, only three species 
appeared to favor older forests while two species favored younger stands (Table 2).  No species 
were strictly confined to mid-aged stands (approx. 20 - 60 yrs); however, several species were most 
abundant at these sites including Enypia packardata Taylor [Geometridae], Malacosoma 
californicum (Packard) [Lasiocampidae], and species of the genus Hydriomena [Geometridae]; 
(Tables A2-4).   
I examined the relationship between species-specific relative abundance and stand age by 
restricting my analysis to the species that had 10 or more individuals present at any one site.  Of the 
40 species that qualified, only five produced statistically significant results, all of them increasing in 
relative abundance with increasing stand age (Figure 9).  Two of these five species (Panthea 
virginarius and Gabriola dyari Taylor) feed on conifers as larvae and two (Iridopsis emasculata [Dyar] 
and Polia nimbosa [Guenee]) are generalist feeders on deciduous trees and shrubs.  I was unable to 
find larval host information for the remaining species, Stamnoctenis pearsalli (Swett). 
 
Feeding guilds 
 
I was able to characterize the larval feeding habits for 89% of all species and 94% of all individuals 
identified by species.  For the following analyses, I excluded the relatively few species and 
individuals for which life history details were not available.  In total, 63% of species were generalist 
feeders, 24% were oligophagous, and 13% were specialists.  The relative abundance of individuals in 
these categories was 60%, 36%, and 4%, respectively.  The relative abundance of generalist 
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Table 2.  Distribution and abundance of macromoth species that were found exclusively at either old or young forests.  Only species with more 
than 15 individuals collected in total are included.  Ages are given as the time since a site was logged for disturbed sites, or estimations of stand 
age for old growth sites (sites > 150 years old to a maximum of 500 years). Citations for larval diet information are listed in the Methods section.       
   Species  Family Found at # Trapped Larval diet 
Older forests only     
  Clemensia albata Packard Erebidae 66 yrs  ≤ sites ≤ 500 yrs 57 Lichens  
  Ennomos magnaria Guenee Geometridae 46 yrs  ≤ sites ≤ 500 30 Deciduous trees and 
shrubs 
  Lophocampa roseata (Walker) Erebidae 70 yrs  ≤ sites ≤ 155 yrs 18 Conifers 
Younger forests only     
  Ochropleura implecta Lafontaine Noctuidae 1 yr  ≤ sites ≤  46 yrs 16 Herbaceous plants, 
willow  
  Spiramater lutra Guenee Noctuidae 4 yrs  ≤ sites ≤ 53 yrs 16 
Polyphagous on both 
flowering and 
coniferous plants 
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Figure 9.  Five moth species, having 10 or more individuals at any one site, that significantly increased 
in relative abundance with increasing stand age.  Statistical tests were done using linear regression 
analysis.  Test results: A) Panthea virginarius (Noctuidae), y = 0.010x + 0.228, R2 = 0.418, p = 0.021; B) 
Gabriola dyari (Geometridae), y = 0.004x + 0.048, R2 = 0.319, p = 0.009; C) Iridopsis emasculata 
(Geometridae), y = 0.037x + 0.361, R2 = 0.377, p = 0.004; D) Polia nimbosa (Noctuidae), y= 0.018x + 
0.398, R2 = 0.209, p = 0.043; E) Stamnoctenis pearsalli (Geometridae), y = 0.008x – 0.124, R2 = 0.659, p 
< 0.001. 
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individuals significantly decreased with stand age among previously-logged sites (R2 =0.316, p = 
0.010) and was, on average, significantly lower in old growth sites (t= 2.63, p= 0.015, df= 22); Figure 
10A).  In contrast, the relative abundance of oligophagous individuals increased with stand age 
among previously-logged sites (R2 = 0.341, p= 0.007), but there was no statistical difference between 
old growth and previously-logged sites for the relative abundance of individuals (t= -1.38, p= 0.18, df 
=22); (Figure 10B).  The proportion of specialist species was significantly higher in old growth sites 
compared to previously-logged sites (t= -2.68, p= 0.014, df= 22), but their relative abundance did not 
vary with stand age in previously-logged stands (R2= 0.000, p= 0.97); (Figure 10C).   
Species feeding on angiosperms contributed most to overall species richness, but the relative 
abundance of individuals was nearly equal between conifer- and angiosperm-feeding species.  The 
highest percentage (35%) of species were polyphagous on flowering plants, while the herbaceous-
only, conifers- only, and flowering trees-only categories each accounted for 14% to 16% of species.  
The conifer-only group accounted for 43% of all individuals.  This was approximately equal to the 
combined total for the flowering tree-only, polyphagous on flowering plants, and herbaceous-only 
groups (23%, 18%, and 7% of individuals, respectively).   
The relative abundance of the conifer-only-feeders increased significantly with stand age across 
previously-logged sites (R2= 0.218, p=0.038).  The four youngest sites (ages 1, 4, 4, and 8 years) were 
distinct from all other sites with regard to patterns of relative abundance: they had the four lowest 
values for the conifer-only guild, the three highest values for the polyphagous flowering plants guild, 
and the two highest values  for herbaceous-only guild.  While the relative abundance of the 
flowering tree-only guild remained relatively stable across previously-logged sites, it was 
significantly lower in old growth sites (t= 6.54, p<0.0001, df = 20.21). 
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Figure 10. Trends in the relative abundance of moth feeding guilds based on larval diet 
breadth.   The proportion of individuals classified as generalists (A), oligophagous (B) 
and specialists (C) present at each site are plotted by stand age.  Generalist was 
defined as species feeding on plants in more a single family, oligophagous was defined 
as species feeding on more than one genus of plants within a single plant family, and 
specialist was defined as species that feed within a single genus of plants.  Statistical 
testing was done using linear regression, with old growth sites excluded from the 
analysis. Test results: A) y = -0.002x + 0.759, R2= 0.316, p = 0.010; B) y = 0.002x + 0.212, 
R2 = 0.341, p = 0.007; C) R2= 0.032, p= 0.451.   
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Pest species 
 
Nine species collected in this study are considered to be agricultural or silvicultural pests (Table 3); 
two of these are invasive species (Leucoma salicis [L.] and Noctua pronuba [L.]).  The greatest 
number of pest species occurring together at a single study site was five (occurred at three sites: 
VZ2005 S, BH2001, and VZ1924), while only one site had no pest species (OGSS).  Overall, pest 
species accounted for 5.9% of all identified individuals in this study. Biston betularia (L.) and Noctua 
pronuba were the only two pest species with more than 100 individuals in total, while all other 
species had fewer than 15 individuals except Malacosoma californicum (n=55).  Approximately 82% 
of M. californicum individuals were found at a single site (BH2001), where it accounted for 25% of all 
individuals collected.   
The large majority of sites had two or three pest species present, but when pest species richness 
was considered as proportions of total species (Figure 11A), this value significantly decreased with 
stand age across previously-logged sites (R2= 0.340, p= 0.007) due to the increase in species richness 
across sites with stand age, as discussed previously.  There was no significant difference between 
these sites and old growth stands (t=2.074, p= 0.1217, df = 3.29).  I also found no significant effect of 
stand age on the relative abundance of individuals considered as pests (R2 = 0.122, p= 0.131; log 
transformed to correct for a non-normal distribution; Figure 11B).  It is nonetheless worth noting 
that three of the four sites younger than 10 years had the highest values observed, ranging in value 
from 25% to 33%, which were approximately twice that of the next highest value.  In comparison to 
previously- logged sites, old growth sites had a significantly lower relative abundance of pest 
individuals (t= 2.67, p= 0.014, df= 22).   
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Table 3.  The nine species meeting the definition of pest that were observed in this study.  Listed here are species and family taxonomy, the 
total number of individuals collected in this study, and known plant hosts used during the moth’s larval phase (with references).   
Species Family Abundance Larval plant hosts Reference   
 
  
Biston betularia 
(Packard) 
Geometridae 170 A wide variety of broad-leaved trees and shrubs, and 
sometimes Pinus and Picea  
Carter 1984 
Malacosoma 
californicum (L.) 
Lasiocampidae 55 Alder, ash, birch, cottonwood, roses, willow, and fruit trees Hollingsworth 2010 
Noctua pronuba 
(L.) 
Noctuidae 101 A variety of herbaceous plants and grasses, including crops.  
May also attack trees, shrubs, and is considered an important 
pest in forest nurseries  
Browne 1968, Carter 1984, 
Powell and Opler 2009 
Peridroma saucia 
(Hubner) 
Noctuidae 1 Many broad-leaved herbaceous plants and crops including 
alfalfa, clover, mint, sugarbeets and vegetable crops  
Hollingsworth 2010 
Xestia c-nigrum  
(L.) 
Noctuidae 11 A very wide range of broad-leaved trees, shrubs, and 
herbaceous plants, including fruits and vegetables  
Carter 1984, Powell and 
Opler 2009 
Xestia mustelina 
(Smith) 
Noctuidae 4 Many forest species including Douglas-fir, western and 
mountain hemlocks, spruce,  true firs, western larch, western 
red cedar, madrone, and huckleberry  
Miller and Hammond 2000, 
Natural Resources Canada 
2010 
Xestia smithii 
(Snellen) 
Noctuidae 12 Many woody and herbaceous plants including alder, elder, 
strawberry, raspberry, apple, and violets  
Lafontaine 1998, Landolt, 
et al. 2007 
Leucoma salicis  
(L.) 
Noctuidae 14 Cottonwood, poplar, and willow and occasionally oak and aspen  Hollingsworth 2010 
Orgyia 
pseudotsugata 
(McDunnough) 
Noctuidae 4 Primarily Douglas-fir and true firs,  but also spruce, pine, and 
larch 
Hollingsworth 2010 
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Figure 11.  The relative number of pest species (A) and the relative abundance of individuals considered 
as pests (B) present at each site and plotted by stand age. Circles represent previously-logged sites, 
diamonds represent old growth sites. Statistical testing was done using linear regression, with old growth 
sites excluded from the analysis. Data for relative abundance were log transformed to correct non-
normal distribution.  Test results: A) y= -0.003x + 0.985, R2 = 0.340, p= 0.007; B) R2 = 0.122, p = 0.100. 
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Non-native species 
 
Four non-native species were collected during this study, all native to Eurasia and introduced in 
North America by human activity. No single study site had more than two of these non-native 
species present together, while only two sites, both old growth stands, lacked any non-native 
species.  Two of the four species were represented by only one or two individuals in total: Hemithea 
aestivaria (Geometridae) and Amphipyra tragopoginis (Noctuidae).  Hemithea aestivaria (Hubner) 
was accidentally introduced into southern British Columbia, Canada in 1979.  It is not reported when 
A. tragopoginis (Clerck) was introduced, but it is now found in northeastern North America and 
British Columbia following initial introduction (Powell and Opler 2009).  A third species, Leucoma 
salicis (Noctuidae), also known as the satin moth, was found at single site (VZ1936) where all 14 
individuals were collected in July during one night of trapping.  Following accidental introduction to 
both New England and British Columbia in 1920 (Keen 1952), L. salicis is now widely distributed in 
western North America (Powell and Opler 2009) and is considered a pest on willow, cottonwood, 
and poplar (Hollingsworth 2010).   
The remaining non-native species, Noctua pronuba (Noctuidae), was the most abundant and widely 
distributed of the non-native species found in this study.  Overall, this species had the 13th (out of 
190) highest abundance study-wide.  Noctua pronuba was widely distributed and found at 22 of 24 
study sites, including all of the disturbed sites and two of four old growth sites (absent from OGBL 
and OGSS).  The absence of N. pronuba in samples from these two old growth sites does not imply 
that it was truly absent, as the sampling effort was not large enough to make such a conclusion. 
There is a high probably of it being either absent or occurring at very low densities considering that 
the species was collected at all other sites and often in moderate abundances. 
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I found no evidence of a linear trend between the relative abundance of non-native individuals per 
site and stand age following logging after combining and analyzing data for all four exotic species  
(R2 < 0.001, p= 0.949); however, standardized residuals were not randomly distributed.  This implies 
non-homogeneous variance, an issue that I was not able to correct with data transformations 
(Figure 12A).  The heteroscedasticity was due to large variance at younger sites compared to older 
sites.   The average relative abundance of non-native individuals in old growth sites was significantly 
lower than previously-logged sites (t= 2.24, p= 0.036, df=22). 
Analysis of Noctua pronuba alone provided similar results, which is expected because N. pronuba 
accounted for 86% of all non-native individuals collected in this study (Figure 12B).  There was no 
relationship between stand age and the relative abundance of N. pronuba across previously-logged 
sites (R2= 0.009, p= 0.693).  There was also no significant difference in average relative abundance of 
N. pronuba between old growth and previously-logged sites (t= 1.95, p= 0.064, df = 22).  
I also used regression analysis to assess any potential relationship between native species richness 
and the relative abundance of non-native individuals (Figure 13).  The results were non-significant 
(R2= 0.160, p= 0.053).   
 
Community Composition 
 
Based on ordination of sites using non-metric multidimensional scaling (NMDS), I found that 
community composition in each of the four youngest stands (all < 10 years) differed dramatically 
from each other and all other sites (Figures 14 and 15).  In contrast, all sites greater than 10 years 
old generally ordinated closely together and displayed no obvious pattern based on stand age 
among previously-logged sites.  The tendency for these sites to group together was not substantially 
affected by removal of the four outlying sites from NMDS analysis (results not shown).  Ordination   
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Figure 12. The percent of all non-native (A) and Noctua pronuba (B) individuals observed at 
each site and plotted by stand age.  Circles represent previously-logged sites, diamonds 
represent old growth sites. Statistical testing was done using linear regression, with old 
growth sites excluded from the analysis. Test results: A) R2 < 0.001, p= 0.949; B) R2 =0.009, p = 
0.693. 
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Figure 13.  The relative abundance of non-native moth individuals plotted against 
species richness for native moths.  All sites, including old growth (diamonds), are 
represented here (n=24). Statistical testing was done using linear regression, pooling 
previously-logged and old growth sites.  R2 = 0.160, p=0.053.     
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Figure 14.  Ordination of sites based on macromoth community 
composition.  Sites are labeled as their stand age, with the four old growth 
sites highlighted.  Plots were produced using non-metric multidimensional 
scaling (NMDS) and the Bray-Curtis similarity distance.  Data were square 
root transformed prior to analysis to down-weight the effect of very 
abundant species.  A) all study sites, B) the four outlying sites excluded 
from the plot, but not from the analysis.  Excluding the four outlying sites 
from the analysis did not substantively alter the ordination.  The stress 
value for the analysis was 0.12, indicating that plots represent a fairly 
accurate depiction of relative similarities between sites (Clarke and 
Warwick 2001).    
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Figure 15.  Ordination of sites based on macromoth community composition. Plots were produced 
using non-metric multidimensional scaling (NMDS) and the Bray-Curtis similarity distance.  Data 
were square root transformed prior to analysis to down-weight the effect of very abundant 
species.  A) sites are labeled with geographic descriptors (see Table 1) except for old growth sites, 
which are labeled as “OG.”  B) sites are labeled according to sample size (see Table B1), where L > 
300, 300> M ≥ 125, and S < 125, and old growth sites are highlighted.  For both A and B, the right 
panels show the results with the four outlying sites removed from the plots, but not from the 
analysis.  Excluding the four outlying sites from the analysis did not substantively alter the 
ordination. The stress value for the analysis was 0.12, indicating that plots represent a fairly 
accurate depiction of relative similarities between sites (Clarke and Warwick 2001).    
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results in three dimensions, compared to two, reduced stress values from 0.12 to 0.08, but did not 
appreciably modify patterns of separation among sites.   
All four old growth sites ordinated closely to one another, but they also ordinated closely to several 
previously-logged sites (Figures 14 and 15).  While three of the four oldest previously-logged sites 
ordinated directly adjacent to old growth sites, several younger sites did so too.  There also existed a 
large dissimilarity between the oldest previously-logged site (the 95 year-old LW1914) and all four 
old growth sites.  Thus, the community composition of previously-logged sites does not appear to 
converge on that of old growth sites in any obvious temporal manner, apart from the general 
convergence of all sites greater than 10 years old.  
The ordination results may be attributed to a complex interaction of stand age, geography, sample 
size, and other variables not measured.  Apart from the four youngest sites, previously-logged sites 
that were geographically affiliated displayed a general tendency to ordinate together (Figure 15A).  
The old growth sites, however, grouped closely together despite having the largest geographical 
separation between study sites.  Previously-logged sites having more than 300 individuals had a 
tendency to ordinate closely together and in close proximity to old growth sites (Figure 15B).     
By classifying sites as two groups based on stand history (previously-logged vs. old growth), I was 
able to analyze which moth species strongly contributed to within-group similarity, in addition to 
species contributing to between-group dissimilarity.  For the former, I found that several species 
strongly contributed to within-group similarity for both groups (Table 4).  These species include 
Caripeta divisata, Iridopsis emasculata, Macaria signaria, Panthea virginarius, and Venusia 
cambrica.  These same species also strongly contributed to dissimilarity between groups because of 
differences in average abundance (Table 5).  
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Table 4. The ten species that contributed most to the similarity within each group (previously-
logged and old growth sites).  Reported for each species are the average abundance (# 
caught/site) and percent contribution to within-group similarity.  Cumulative percent 
contribution is also reported.  Analysis was completed in PRIMER 5 (2002) using the SIMPER 
feature.  Raw data were square root transformed to minimize the importance of hyper-
abundant species.    Taxonomy follows that given in Lafontaine and Schmidt (2010) and Pohl et 
al. (2010). 
Species Family: Subfamily 
Avg.  
abundance Contrib. % Cum. % 
Previously-logged sites         
Venusia cambrica Geometridae: Larentiinae 38.05 10.7 10.7 
Macaria signaria Geometridae: Ennominae 22.75 7.41 18.11 
Caripeta divisata Geometridae: Ennominae 16.6 5.5 23.61 
Panthea virginarius Noctuidae: Pantheinae 15.9 4.85 28.46 
Noctua pronuba Noctuidae: Noctuinae 4.4 4.59 33.06 
Biston betularia   Geometridae : Ennominae 7.5 4.35 37.41 
Enypia packardata Geometridae: Ennominae 7.0 3.71 41.12 
Ecliptopera silaceata Geometridae: Larentiinae 7.05 3.25 44.37 
Iridopsis emasculata Geometridae: Ennominae 6.25 2.98 47.35 
Lophocampa maculata Erebidae: Arctiinae 4.45 2.79 50.13 
     
Old growth sites          
Caripeta divisata Geometridae: Ennominae 27.0 4.61 4.61 
Iridopsis emasculata Geometridae: Ennominae 19.25 4.6 9.21 
Gabriola dyari Geometridae: Ennominae 13.0 4.46 13.67 
Panthea virginarius Noctuidae: Pantheinae 48.75 4.29 17.96 
Macaria signaria Geometridae: Ennominae 19.25 4.15 22.1 
Venusia cambrica Geometridae: Larentiinae 12.25 3.67 25.77 
Caripeta aequaliaria Geometridae: Ennominae 17.75 3.45 29.22 
Pseudorthodes irrorata Noctuidae: Noctuinae 7.75 3.42 32.64 
Diarsia esurialis  Noctuidae: Noctuinae 5.0 2.63 35.26 
Dasychira grisefacta  Erebidae: Lymantriinae 5.75 2.44 37.7 
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Table 5.  The ten species contributing most to the dissimilarity between groups (previously-logged 
sites vs. old growth sites).    Reported for each species are the average abundance (# caught/site) and 
percent contribution to between-group dissimilarity.  Cumulative percent contribution is also 
reported.  Analysis was completed in PRIMER 5 (2002) using the SIMPER feature.  Raw data were 
square root transformed to minimize the importance of hyper-abundant species.  Taxonomy follows 
that given in Lafontaine and Schmidt (2010) and Pohl et al. (2010). 
 Species    Family: Subfamily 
Avg. abund. 
in logged 
Avg. abund. in 
old growth Contrib. % Cum. % 
Panthea virginarius Noctuidae: Pantheinae 15.9 48.75 3.24 3.24 
Venusia cambrica Geometridae: Larentiinae 38.05 12.25 2.34 5.58 
Clemensia albata Erebidae: Arctiinae 0.5 11.75 2.21 7.79 
Caripeta divisata Geometridae: Ennominae 16.6 27 2.17 9.96 
Caripeta aequaliaria Geometridae: Ennominae 4.8 17.75 2.13 12.09 
Stamnoctenis pearsalli Geometridae: Larentiinae 5.25 14.75 2.11 14.2 
Iridopsis emasculata Geometridae: Ennominae 6.25 19.25 2 16.2 
Gabriola dyari Geometridae: Ennominae 3.05 13 1.97 18.17 
Macaria signaria Geometridae: Ennominae 22.75 19.25 1.77 19.94 
Nadata gibbosa Notodontidae: Phalerinae 3.35 7.25 1.55 21.48 
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Biodiversity Indicator Species 
I found that Geometridae and its subfamilies displayed the strongest relationship with community-
wide patterns.  Among all taxonomic groups tested, the relationship between overall moth species 
richness and species richness within a single taxonomic group was greatest for Geometridae (R2 = 
0.786, p< 0.001; Figure 16), as was the relationship between overall moth diversity (Shannon index) 
and geometrid diversity (R2 = 0.516, p< 0.001; Figure 18).  The poorest performing taxonomic groups 
for species richness and diversity were Noctuinae (R2 = 0.293, p= 0.006) and Ennominae (R2 = 0.203, 
p= 0.027), respectively. 
Among subfamilies, those belonging to Geometridae generally had the strongest relationship with 
community-wide patterns.  Larentiinae had the highest R2 value among subfamilies for diversity and 
second-highest for species richness (Table 6), indicating that this group would serve well as an 
overall biodiversity indicator for the macromoth community.  Ennominae had the highest R2 value 
(Table 6) among subfamilies for species richness, but had the lowest R2 for diversity.    
Within the family Noctuidae, the subfamily Xyleninae had the highest R2 value for species richness 
and was third among all subfamilies tested (Figure 17 and Table 6).  While performing similarly to 
the Larentiinae, Xyleninae accounted for comparatively fewer species and individuals.  The 
subfamily Noctuinae had the highest R2 within Noctuidae for diversity and was second highest 
among all subfamilies (Figure 17 and Table 6).   
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Figure 16.  Results of biodiversity indicator analysis for Geometridae (A) and its two major 
subfamilies [Ennominae (B) and Larentiinae (C)] represented in this study as it relates to 
overall moth species richness. All sites are represented here (n=24), with old growth sites 
indicated as diamonds. Statistical testing was done using linear regression, pooling 
previously-logged and old growth sites. Test results: A) y= 1.657x + 10.64, R2 = 0.786, p< 
0.001; B) y= 3.211x + 9.75, R2 = 0.721, p< 0.001; C) y= 3.029 + 19.01, R2 = 0.646, p< 0.001. 
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Figure 17.  Results of biodiversity indicator analysis for Noctuidae (A) and 
subfamily Xyleninae (B) as it relates to overall moth species richness.  All sites 
are represented here (n=24), with old growth sites indicated as diamonds.  
Statistical testing was done using linear regression, pooling previously-logged 
and old growth sites. Test results: A) y= 1.952x + 15.62, R2 = 0.619, p< 0.001; B) 
y= 4.693x + 32.43, R2 = 0.645, p< 0.001. 
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Figure 18.  Relationship between total macromoth diversity and diversity of Geometridae (A), 
Larentiinae (B), Noctuidae (C), and Noctuinae (D).  Diversity is reported here using the Shannon (H’) 
diversity index.   All sites are represented here (n=24), with old growth sites indicated as diamonds.  
Statistical testing was done using linear regression, pooling previously-logged and old growth sites.  
Test results:  A) y=0.6564x + 1.556, R2 = 0.516, p< 0.001; B) y= 0.5683x + 2.268, R2 = 0.465, p< 0.001; 
C) y=0.4751x + 2.063, R2 = 0.412, p< 0.001; D) y= 0.594x + 1.914, R2 = 0.313, p= 0.004. 
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Table 6.  Relationship between species richness and diversity (Shannon index) for all macromoth 
species and those of families and subfamilies represented by 10 or more species in this study. 
Reported here are R2 values from the linear regression results shown in Figures 16 – 18. In addition, 
listed here are the percent abundances of individuals and species relative to overall totals.  
 R
2 % of total 
  Species Richness  Diversity   Species individuals 
Geometridae 0.786 0.516 38 64 
   Ennominae 0.721 0.203 18 33 
   Larentiinae 0.646 0.465 18 24 
Noctuidae  0.620 0.412 46 26 
   Noctuinae 0.196 0.313 25 17 
   Xyleninae 0.645 0.304 11 7 
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Vegetation 
 
Douglas fir was the most abundant tree species occurring at most study sites.  At sites ranging in age 
from 8 to 50 years, Douglas fir generally accounted for 80% – 90% of stem density while at older 
sites, including old growth, this generally decreased to 30% – 60% of stem density (Figure D1).  
Western hemlock was the second most abundant tree species among the study sites; it typically 
became more predominant in sites older than 50 years, where it accounted for approximately 30% 
to 50% of stem density.  Three sites younger than 50 years also had high values, ranging from 25% to 
44%.  Western red cedar was the third most abundant tree species and also had a tendency to be 
more abundant with increasing stand age.  All other tree species were relatively uncommon.  
Overall, older previously-logged sites had compositions of dominant trees that were similar to the 
old growth sites.  I also found that canopy cover was very low for young sites, but remained fairly 
stable at 80% to 90% for all other sites (Figure D2).   
A few key patterns were evident regarding ground cover vegetation and canopy cover.  The four 
youngest sites (all logged within the last 10 years) exhibited either wide variation amongst 
themselves or they were uniformly different from all other sites (Figures D2 – 3).  In addition, the 
percent cover of sword fern significantly increased with stand age among previously-logged sites (R2 
= 0.294, p = 0.014); (Figure D3).  The percent cover for herbaceous plants also significantly 
decreased with stand age across previously-logged sites (p = 0.004, R2 = 0.373), but the average 
value was nearly four times higher in old growth sites than in previously-logged sites (t= -5.65, p< 
0.0001, df= 22), suggesting that herbaceous plants again become more abundant in late 
successional maturity (Figure D2).    
Overall vegetational diversity had a tendency to increase with time (Figure D4).  Regressions for 
both indices were significant when data from all previously-logged sites were considered; however, 
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the results were strongly influenced by the very low values from the most recently logged site 
(VZ2008), which were more than two standard deviations away from the mean.  When this site was 
removed from the analyses, the results were no longer statistically significant (Shannon: R2= 0.168, 
p= 0.082; Simpson: R2= 0.156, p= 0.094).  The average values for the Shannon and Simpson 
vegetational diversity indices were 20% and 13% greater, respectively, in old growth sites compared 
to previously-logged sites.  Both of these differences were statistically significant (t= -4.77, p< 0.001, 
df = 21.89; t= -4.67,  p<0.001, df = 21.81, respectively).  Values for both indices were lowest at site 
VZ2008, which was logged one year before this study, and highest at the old growth site, OGSS.     
I found no statistical relationship between index values of vegetational diversity and moth diversity 
after regression analysis (Figure 19).  I also found no relationship between index values of 
vegetational diversity and moth species richness (Figure 20).   
 
Discussion 
 
Summary of main results 
 
I found that macromoth community structure varied with stand age across previously-logged stands, 
and differed between previously-logged and old growth areas.  In particular, abundance increased 
with stand age across previously-logged, while species richness and diversity (measured by the alpha 
index) were greater in old growth areas for both observed and sample size corrected values.  
Various other measures of moth community structure also changed along a successional gradient.  
For example, the relative abundance of pest species and generalist feeders decreased with stand 
age, as the communities shifted towards a greater proportion of oligophagous individuals and, in old 
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Figure 19.  Relationship between macromoth and vegetational diversity using the (A) 
Shannon (H’) and (B) Simpson (1 - D) diversity indices.  Linear regression for A was done 
excluding the outlier seen in the lower left portion of the figure because of the large 
effect that this value had on the analysis. Test result for A: R2 = 0.102, p = 0.138.  
Regression was not performed for B because of issues of non-normality and 
heteroscedasticity.   
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Figure 20.  Relationship between macromoth species richness and vegetational 
diversity using the (A) Shannon (H’) and (B) Simpson (1 - D) diversity indices.  Linear 
regression (not shown) was done excluding the outlier seen in the lower left portion 
of each figure because of the large effect that this value had on the analysis.  Test 
results excluding the outlier: R2 = 0.083, p = 0.183; B) R2 = 0.057, p = 0.274.   
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growth sites, specialist species.  Larval host plant preferences also had a tendency to change, as the 
relative abundance of conifer-feeding individuals increased with stand age. 
The effects of habitat disturbance were most pronounced in recently-logged stands (< 10 years).  
The moth communities at these sites had very distinct species assemblages and community 
structure, and produced relatively few moths, especially at two sites.  Despite such early differences, 
moth communities at previously-logged stands increasingly resembled those in old growth forests as 
stand age increased for many of the community parameters examined, and this similarity was 
generally most pronounced for the oldest (85 - 95 years old) sites.  The community-wide effects of 
stand history suggest that moths are potentially useful indicators of habitat disturbance and quality.  
Larentiinae, a Geometridae subfamily, best represented overall patterns in moth community 
dynamics among subfamilies and would serve well as indicators of macromoth species richness and 
diversity in forest stands of different ages in this region. The noctuid subfamily, Xyleninae, also 
performed well in this regard, and offers the additional advantage of having fewer species than 
Larentiinae.    
With the data at hand, it is difficult to conclude which factors associated with stand history are 
responsible for the observed shifts in moth community structure.  Given the close association 
between moths and their larval host plants, it is likely that changes in plant community structure 
during secondary succession influence macromoth communities.  However, despite the fact that 
vegetational diversity apparently increased with stand age and was significantly higher in old growth 
sites, there was no clear relationship between the patterns of diversity and species richness for 
plants and moths.  Detecting the effects of plant community structure on moth communities may 
require a more finely resolved analysis of plant diversity and forest structure than was used in this 
study. 
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Region-wide community attributes 
 
Approximately 90% of the 7,034 individuals collected in this study belonged to two of nine families, 
Geometridae (64%) and Noctuidae (26%).  These families are among the most species-rich families 
of macromoths throughout the world, and commonly dominate samples collected by light traps.  
For example, Geometridae and Noctuidae accounted for 58% and 19% of individuals, respectively, in 
coastal coniferous forests of Oregon (Ober and Hayes 2010). 
In this study, 73% of all macromoth species had fewer than 20 individuals across all sites and 18.4% 
were represented by a single individual. This is similar to results reported by Hilt et al. (2006), who 
collected 868 species and 23,720 individuals in montane forests of the Ecuadorian Andes and found 
that 18.6% of species were singletons.  In coastal coniferous forests of Oregon, Ober and Hayes 
(2010) collected 9,514 individuals and 233 species, 28% of which were represented by one 
specimen.  Although many moth species were rare in my study, a small number of species exhibited 
very high abundance.  Specifically, four species in this study accounted for 35% of all individuals, two 
of which (Venusia cambrica and Macaria signaria) were also reported by Ober and Hayes (2010) as 
among the hyper-abundant species in their study. Collectively, the hyper-abundance of only a few 
species and the low abundance of most species are consistent with a lognormal distribution, which 
appears to be characteristic of many moth communities (Williams 1964, cited in Krebs 1989; Thomas 
2002, Summerville et al. 2003).  
 
Rarefaction and trapping efficiency  
 
It is difficult to obtain accurate measures of observed species richness in diverse communities 
having large numbers of rare species, even with exhaustive sampling.  This is often true in species-
rich arthropod communities (Gotelli and Colwell 2001).  For example, a study of herbivorous forest 
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insects in New Guinea yielded 80,062 individuals and 1,050 species from 950 person-days of 
sampling effort, yet no asymptote was reached on rarefaction curves (Novotny and Basset 2000).  In 
the present study, I was unable to attain a firm measure of species richness because my sampling 
effort also failed to produce asymptotes, even for sites having the largest sample sizes.  This is 
potentially a concern because the differences in observed species richness might be due to sample 
size effects.  For example, I found that observed species richness significantly increased with stand 
age, while sample size-corrected species richness did not.      
This disparity makes interpretation difficult because rarefaction-based analysis also has limitations, 
mainly that it tends to reduce differences between sites at low sample sizes (Gotelli and Colwell 
2001).  In this study, I chose a sample size of 125 for rarefaction analysis, which represents the third 
lowest sample size study-wide.  This relatively small sample size, together with the elimination of 
two sites with sample sizes less than 125, effectively reduced the ability of this analysis to detect 
changes with stand age.  Given these limitations, however, it seems to strengthen the observation 
that species richness was greater in old growth areas, which had large to medium sample sizes, for 
both observed and sample size-corrected analysis.   For the sake of interpretation of subsequent 
analyses in this thesis, it is important to note that even if the differences in observed species 
richness across sites were due to sample size effects, sample size differences would not negate the 
observed shifts in the proportion of species or relative abundance of individuals.  Therefore, even 
though sample sizes were not large enough to detect all moth species at a site, I can still conclude 
that there are many shifts in moth community structure associated with stand age.   
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Response of moth communities to habitat disturbance 
  
Change with stand age in previously-logged sites 
 
Abundance and species richness 
 
Moth abundance (based on sample sizes) was very low in recently logged sites but increased 
significantly with stand age and generally approached abundances observed in old growth stands by 
about 80 – 90 years post-disturbance.  While this conclusion may be limited by possible differences 
in the efficiency of light traps across sites, there does appear to be a strong link between logging and 
a reduction in moth abundance in temperate forests.  For example, the abundance of geometrid 
moths in spruce forests of Canada decreased as the intensity of logging increased (Thomas 2002), 
macromoths in fir-beech forests of the central Pyrenees Mountains were more abundant in a 
natural forest compared to a 40 year-old previously-logged forest (Luque et al. 2007), and in 
deciduous forest of the northeastern US, moth abundance was significantly lower in 15-20 year 
post-harvest stands than in unlogged or selectively logged sites (Summerville and Crist 2002).   
Insect abundance is often positively correlated with plant biomass, species richness, and/or diversity 
(reviewed in Ober and Hayes 2010).  Previous work in coniferous forests in the Pacific Northwest 
(Schowalter 1995) found that plant biomass was correlated with total abundance of lepidopterans.  
Although the number of lepidopterans (minus the spruce budworm, a micromoth) per kilogram of 
dry plant biomass did not differ between unlogged and logged forests, older forests generally had 
greater plant biomass and lepidopteran abundance (Schowalter 1995).  
In the present study, plant biomass was not measured directly, but I did find that sites having very 
little vegetation also produced relatively few moths.  Specifically, two sites, a one and four year-old 
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stand, had both extremely sparse vegetation and small numbers of captured moths, apparently 
indicating low moth abundance.  While such low abundances could potentially be explained by slow 
recolonization of these areas by moths following logging or reduced trapping efficiency, comparison 
to another four year- old stand (VZ2005 N) located nearby suggests this is not the case.  Despite 
similarities in stand age, geography, and the surrounding landscape matrix, moth capture rates at 
VZ2005 N were three to five times higher than at the other two young sites (but still well below the 
mean).  In addition, the vegetation at VZ2005 N was very different compared to the other four year-
old site in that ground cover vegetation was substantially more extensive and tree saplings were 
approximately twice the height, indicating that this site may have been planted a year earlier or that 
there were differences in site productivity.  Thus, it appears that plant biomass may be at least 
partially responsible for moth abundance in this study.   
Plant biomass likely was not the only factor influencing moth abundance across my study sites, but 
was one of a suite of important factors, as is often the case for herbivorous insects.  For example, a 
study in experimental grasslands found that plant biomass and species richness were only weakly 
correlated with abundance of herbivorous insects, and the number of herbivores per unit of plant 
biomass was inversely related to plant species richness (Knops et al. 1999).  However, the 
abundance and species richness of insect predators and parasites increased with plant species 
richness (Knops et al. 1999), suggesting that abundance of herbivorous insects can be influenced by 
a complex array of both bottom-up and top-down factors.  The relative importance of factors 
affecting moth abundance may also vary along a successional gradient, as plant species richness, 
primary productivity, and predation levels change.  For example, Franklin et al. (1989) found that the 
number and diversity of insect predators in old growth forests of western Oregon was much greater 
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than in 10 year-old previously-logged stands, suggesting that predation may exert a stronger effect 
on moth population dynamics as stand age increases.   
For previously-logged sites, observed moth species richness significantly increased with stand age.  
However, as discussed previously, these results may simply be due to sample size differences among 
sites.  Determining if this is the case would require having sufficiently large sample sizes to reach the 
asymptotic portion of the rarefaction curve for each site.  In practice, attaining such sample sizes 
would be challenging.  For example, the total sampling effort in this study across all sites was 72 trap 
nights, yet I recorded only half the number of macromoth species found in an intensive sampling 
effort in old growth forests in western Oregon (Parson et al. 1991).  Based on rarefaction curves at 
individual older managed and old growth sites, it appears that asymptotes may have been reached if 
the sampling effort had been doubled at those sites.  However, because of the low overall 
abundance of moths caught at the youngest sites, obtaining a large enough sample size at those 
sites would require 10 to 20-fold greater sampling effort than was done in the present study. 
 
Rare and unique species  
 
Rare species, defined as those having no more than two individuals present at any one site, 
comprised a substantial proportion of the individuals captured at each site, typically 10% to 25% 
(mean = 18%).  The relative abundance of species that were unique to a single site was also high at 
some sites, but overall ranged from 0% to 18% (mean = 4%).  These results are consistent with 
patterns seen for a large majority of species across biomes (reviewed in Miller et al. 2003). A high 
number of numerically rare species appears to be characteristic of arthropod communities.  For 
example, in New Guinea rain forests, 30% of the 606 external leaf-chewing insect species that were 
observed were unique singletons (Novotny and Basset 2000).  
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Surprisingly, the proportions of both rare and unique species decreased significantly with increasing 
stand age across previously-logged sites and were similar to average values in old growth sites.  I 
expected to find increasingly greater proportions of rare and unique species with stand age due to 
increased habitat complexity, plant diversity and productivity, in addition to the greater time 
available for colonization by different moth species.  For example, Hilt et al. (2006) found that 
among geometrid moths in the Ecuadorian Andes, the proportion of unique singletons and local 
singletons (the latter roughly equivalent to “rare” in this thesis) was higher in natural forests than in 
disturbed areas; 60% of species in natural forest were unique singletons, twice as much as disturbed 
forests.  In their study, early successional sites had the second highest proportion of singletons, 
greater than mid-successional sites.  Thomas (2002) found that most geometrid species observed in 
clear-cut spruce forests in Canada were rare and thus concluded that most of these species were 
non-resident dispersers.  In the present study, the percentage of rare species was highest in a one 
and four year-old stand, with values of 35% and 28%, respectively.   These sites also had the highest 
values of unique species, at 18% and 10% respectively.  The uniqueness of many of these species 
suggests that the moth communities in the young stands are not comprised of large proportions of 
dispersing or “tourist” species.  Such species would have likely been detected in other, older sites.  
Rather, the high proportion of unique species may be due to the highly novel environments present 
at recently logged sites.  In general, early seral environments are drastically different in both biotic 
and abiotic characteristics compared to older forested sites (Chen et al. 1995), and may be 
particularly suitable to species that prefer open habitats compared to closed forest canopy.  
Evidence for this comes from the observation that the one and four year-old sites in this study had 
low relative abundance of conifer-feeding moth species, and high relative abundance of 
herbaceous-only-feeders and flowering plant (all categories) feeders.  
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The observation that the proportion of rare and unique species decreased with stand age may also 
simply be an artifact of sample size.  Novotny and Basset (2000) reported that the proportion of 
singletons decreased with increasing sample size for herbivorous insect communities sampled in 
rainforests.  In the present study, moth sample sizes significantly increased with stand age across 
previously-logged sites, with young sites, especially the one and four year-old stands previously 
discussed, producing exceptionally few moths.   Therefore, my results may have been different if the 
samples sizes were more similar across sites.      
 
Community composition  
 
Analysis of species composition using non-metric multidimensional scaling (NMDS) indicated that 
the four youngest sites (all < 10 years old) were not only very different from all other sites, but that 
each of them bore little resemblance to the other three.  The large dissimilarity between young sites 
and all others suggests that habitat disturbance largely resulted in the displacement of the original 
community and replacement by recolonizing species.  Thomas (2002) also reported that geometrid 
moth communities in logged and unlogged forests became increasing dissimilar as the severity of 
logging increased.  These results indicate that logging, especially clear-cut logging, has major effects 
on the original moth community.  The high variation among moth communities at the four youngest 
sites in the present study may be explained by the transitory nature of communities in early seral 
environments due to the profound abiotic and vegetational changes that happen over short time 
scales (Oliver and Larson 1990, Chen et al. 1995, Franklin et al. 2002).  Additionally, the variability 
among moth communities may result from stochastic colonization events in these newly-established 
communities (Wall and Lee 2010).   
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Unlike the differences among moth communities occupying young stands, the moth communities in 
all other previously-logged sites generally grouped together on NMDS ordination plots.  These 
similarities appear to be influenced by geography, stand age, and sample size.  Some sites that were 
geographically proximate had closely-ordinating moth communities, despite substantial differences 
in stand age.  For example, the moth communities at a 94 year-old stand and a 19 year old-stand 
located within 0.4 km (straight line, aerial distance) of each other ordinated very closely despite the 
large difference in age.  These two sites also had large sample sizes, indicating that sample size 
effects may also explain their close ordination, as many sites also ordinated based on the number of 
moth individuals collected.  In other cases, geographically distant sites with similar stand age had 
communities that ordinated closely to one another, particularly if they both had large sample sizes.   
Even though all previously-logged sites were located within an approximately 15 km radius, further 
studies examining successional changes in moth community composition may benefit from an 
analysis of similar sample sizes across a smaller, more contiguous forest area, or from an analysis 
that explicitly examines spatial autocorrelation. 
 
Feeding guilds 
 
Moth community structure differed among stands in important ways regarding larval feeding habits.  
I found that the relative abundance of generalist-feeders decreased with stand age, while the 
relative abundance of oligophagous individuals increased.   Despite the reduction in generalists, 
relative abundance remained substantial in older stands, decreasing to approximately 60%.  This 
shift towards greater feeding specialization with increasing stand age may be an indication that 
niche diversity is increasing, possibly from changes in plant diversity and habitat complexity (Ober 
2007).  It should be noted that although no successional trend was observed for the relative 
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abundance of specialists, many specialist species tend to be numerically rare (Summerville and Crist 
2008) and therefore changes in relative abundance would be hard to detect.  In fact, specialists 
accounted for 4% of all individuals, whereas oligophages and generalists accounted for 36% and 
60%, respectively. The greater dominance of generalists in recently disturbed habitats indicates that 
their broad host plant tolerances enable them to exploit a greater proportion of resources in 
changing environments.  In comparison, generalist species accounted for much of the butterfly 
abundance in Indonesian rainforests following fire disturbance (Hirowatari et al. 2007).  Although 
Summerville and Crist (2002) found no difference between the absolute abundance of generalists in 
logged vs. unlogged forest of the northeastern US, the relative abundance of generalists in their 
study may have been lower in unlogged forests because overall abundance was higher at these 
sites.  
A second diet-related pattern that emerged from my study was that the relative abundance of 
conifer-feeders increased significantly with stand age, presumably reflecting the greater importance 
of conifers as succession proceeds.  This trend is partially attributable to the significant increase in 
relative abundance of Panthea virginarius (Noctuidae), the third most abundant species study-wide, 
with stand age.  Food sources generally associated with older forests may contribute substantially to 
differences between the moth communities occupying logged and mature forests.  For example, 
Summerville and Crist (2002) found that moth species feeding on woody plants, fungi, detritus, and 
lichens had significantly higher abundance and species richness in unlogged forests compared to 
clear-cut sites.  Interestingly, the only lichen feeder observed in the present study, Clemensia albata 
(Erebidae), was found exclusively in forests older than 65 years and was one of the three top species 
contributing to the dissimilarity between old growth and previously-logged sites in NMDS analysis.   
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Non-native species 
 
Contrary to predictions, the relative abundance of non-native species did not significantly decline 
with stand age across previously-logged sites.  I found no significant regressions for non-native 
species.  The relative abundance of non-natives ranged from approximately 4.5% to 0.5% for most 
sites.  Despite also finding no significant trends in the relative abundance of Noctua pronuba, my 
findings regarding the widespread distribution and high abundance of this recent invader warrant 
special mention.  Noctua pronuba, commonly known as the large yellow underwing, was first 
introduced in North America in 1979 as a stowaway on plants arriving at Nova Scotia, Canada (Office 
of Technology Assessment 1993).  It now occurs in all Canadian provinces and parts of the US 
including the northeastern states, Michigan, Colorado, Arizona, Nevada, Louisiana, Georgia, Florida, 
and all west coast states, including Alaska (Passoa and Hollingsworth 1996, Brou 1997, Warren 2000, 
Powell 2002, Copley and Cannings 2005, Heppner and Dickel 2010, Lorquin Entomological Society 
2010, NAPIS 2010). Noctua pronuba was first observed in Washington and British Columbia, Canada 
in 2002 (Shepard 2002, Copley and Cannings 2005) and in Oregon in 2001 (Crabo 2001). This species 
has been intercepted in Washington State ports more times than in any other state (USDA 2010). 
Several factors enable Noctua pronuba to thrive in North America, including a climate that is similar 
to its native Eurasian range.  Noctua pronuba is also a generalist feeder that can exploit a wide 
variety of plants as larvae (Powell and Opler 2009) and is considered a pest of grasses, crops, and 
even shrubs and tree nursery stock (Browne 1968, Carter 1984). The species has the potential for 
high reproductive output as females can lay 1000 – 2000 eggs.  Because eggs are laid on the 
underside of leaves and larvae pupate in the soil (Passoa and Hollingsworth 1996), this species can 
be transported by the agricultural and nursery trade, as was the case with the initial introduction in 
Nova Scotia (Office of Technology Assessment 1993).  
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The number of individuals collected and the widespread distribution of Noctua pronuba across my 
study sites yields important information about the spread of this invader in the seven years since its 
arrival in the region.  I found N. pronuba at 92% of sites surveyed, which ranged from recent clear 
cuts to old growth forests and across a linear distance of approximately 60 km.  Additionally, this 
species was the 13th most abundant species (out of 190) and generally accounted for 1 – 4% of 
individuals collected at a site.  The apparent ease with which N. pronuba has taken residence in 
forests of NW Washington suggests that it is capable of colonizing similar habitats throughout the 
Pacific Northwest.   
As such, Noctua pronuba presents a potential risk to native plant and moth diversity in the Pacific 
Northwest, and perhaps much of the US and Canada.  Unfortunately, little is known of the ecological 
role of this species in North America.  Previous reports of N. pronuba occurrence primarily focus on 
agricultural, urban, or other developed areas, with relatively little documentation of its distribution 
in natural areas.  Additionally, knowledge of its feeding habits in North America is limited primarily 
to agricultural crops.  To my knowledge, no systematic analysis has been initiated to investigate the 
impact that this species has on native moths and plants, or on other wildlife such as birds and bats 
that utilize moths as prey.  
As a generalist herbivore of considerable size (it is one of the heaviest moths observed in this study) 
and abundance, N. pronuba could be exerting significant negative impacts on a variety of native 
plants, including rare and endangered species. As a cutworm, N. pronuba is considered a pest, 
attacking plants at the roots and crowns, but also eating foliage.  Cutworms are generally recognized 
as potentially serious pests in forest nurseries because they sever seedlings where stem meets soil 
and because they attack roots (Keen 1952). Serious damage by N. pronuba in such a setting has 
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been recorded in Europe (Browne 1968).   Therefore, this species may have a particularly large 
impact on reforestation following disturbance, either natural or anthropogenic in origin.   
 
Pest species 
 
Unlike the results for non-native species, pest species do appear to play a greater role in the 
communities of previously-logged sites (particularly very young sites) than in old growth sites.  I 
found that the proportion of pest species decreased significantly with increasing stand age, while 
the relative abundance of pest individuals was not related to stand age.  The highest values for 
relative abundance occurred in very young stands, where disturbance of the ecosystem and the 
unique vegetational communities may promote establishment by pest species.   
Moth and other insect pests are very important in forest ecosystems because their outbreaks are 
the leading cause of natural disturbance in forests of North America, far surpassing that of fire 
(Logan et al. 2003).  Such species can have considerable effects on tree growth and mortality, and 
can even kill entire stands (Blais 1983, Liebhold et al. 1995).  Many forest pest species exhibit 
population dynamics referred to as eruptive, characterized by episodic rapid and substantial 
population growth (Wallner 1987).  Eruptive species are of particular importance to foresters and 
ecologists because they can affect large areas of forest lands.  For example, the spruce budworm, a 
micromoth, was responsible for defoliating approximately 10, 25, and 55 million ha of Canadian 
forests in the 1910s, 1940s, and 1970s, respectively (Blais 1983). Eruptive pest species can exist for 
many years at densities comparable to or lower than rare species, and then rapidly increase by 
several orders of magnitude in just one to two generations (Wallner 1987, Elkinton and Liebhold 
1990).  
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In this study, three pest species are known for their eruptive outbreaks, including Orgyia 
pseudotsugata (Erebidae), the Douglas fir tussock moth; Leucoma salicis (Erebidae), the satin moth; 
and Malacosoma californicum (Lasiocampidae), the western tent caterpillar.  The distribution and 
abundance of these three species are noteworthy.  For instance, only four Orgyia pseudotsugata 
individuals were collected in total, despite a concurrent outbreak in adjacent Okanogan County (WA 
DNR 2009).  This disparity highlights the spatiotemporal variation of pest populations and indicates 
that O. pseudotsugata populations observed in this study were in a state of latency. In addition, I 
collected 45 Malacosoma californicum individuals in a single night at one previously-logged site 
(BH2001), accounting for approximately 25% of the catch for that site during the entire sampling 
period.  The greatest number of M. californicum individuals occurring at any other site was four, 
suggesting a small local outbreak at BH2001.  Similarly, all 14 Leucoma salicis individuals were found 
in a single night of trapping at site VZ1936.  Considering the wide diet breadth of L. salicis, it is likely 
that this species occurred at other study sites but that these populations were below levels of 
detection for this study.    
Management of forest ecosystems can promote pest outbreaks by aiding in the establishment of 
pest species and by providing choice conditions for pest outbreaks.  Logging and other disturbances 
can facilitate the establishment of pest species by reducing or eliminating resident species and 
therefore freeing available resources and niches while reducing competition (Liebhold et al 1995).  
Under such conditions, the high fecundity and wide diet breadth of pest species enhance their 
likelihood of establishment.  This may explain why the relative abundance of pest individuals in this 
study was highest at sites younger than 10 years old.   
The common practice of clear-cut logging, short-rotation harvests, replanting, and post-harvest 
suppression of undesired plant species can lead to large areas of dense, even-aged monocultures, 
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which promotes pest outbreaks and can increase their frequency and severity (Blais 1983, Elkinton 
and Liebhold 1990, Burton et al. 1992). For example, logging of native forests in the northeast US 
and conversion to oak-dominated forests is implicated in the successful establishment, spread, and 
subsequent outbreaks of the gypsy moth, which thrives on oak (Liebhold et al. 1995).  In the present 
study, the proportion of pest species and individuals generally decreased with stand age, and was 
inversely related to trends in vegetational diversity.  Therefore, it appears that both vegetational 
attributes and spatiotemporal proximity to disturbance contribute to the occurrence and relative 
abundance of pest species.   
 
Comparison of old growth and logged stands 
 
Species richness and diversity  
 
For many of the parameters measured in this study, differences were greatest between old growth 
and very young, previously-logged sites.  With increasing stand age, however, these differences 
were reduced as values for older previously-logged sites generally approached those of old growth 
stands.  This trend reduced the ability to detect statistical differences between the two groups.  
Comparing only very young logged sites to old growth forests would have likely resulted in more 
frequent and greater differences being detected, but such an approach would have restricted my 
analysis to a narrow range of disturbed sites and precluded me from analyzing changes in 
community structure across different stand ages.   
Despite the aforementioned limitations, I was able to detect differences between the moth 
communities in old growth forests and those in previously-logged forests for a number of key 
parameters.  Specifically, I found that both observed and sample size-corrected species richness 
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were significantly higher in old growth sites, and that diversity was higher when calculated by the 
alpha index, but not when using the Shannon, Simpson, and J’ evenness indices. 
Several studies have found moth species richness and diversity to be negatively affected by logging.  
For example, the species richness of macromoths in temperate deciduous forests of the US was 
significantly lower in 15-20 year-old stands compared to natural and selectively-logged stands 
(Summerville and Crist 2002).  Moth diversity was also lower in a previously-logged 40 year-old 
stand than in a natural forest in the central Pyrenees Mountains (Luque et al.  2007).  Similarly, Hilt 
et al. (2006) found that geometrid moth diversity was lowest in early successional sites, and that 
diversity decreased as distance to natural forests increased.  Interestingly, Thomas (2002) found that 
the species richness of geometrid moths in spruce forests of Canada was higher in selectively-logged 
(30% removal) stands compared to unlogged forests, but both had higher values than sites receiving 
higher levels of timber harvest (50% and 100% removal).  In rainforests, Willot (1999) found that 
moth species richness was 17% lower and diversity was 57% lower in partially logged forests 
compared to unlogged forests.  Although macromoth diversity and species richness in response to 
logging has not been explicitly studied in Pacific Northwest forests, Schowalter (1995) found that in 
western Oregon the diversity of canopy arthropods was lowest in 10-40 year-old forests compared 
to old growth (> 400 years old), selectively-logged old growth, and natural mature (150 years old) 
sites.     
Plant biomass, diversity, and species richness are often related to insect diversity and species 
richness (Panzer and Schwartz 1998, and reviewed in Knops et al. 1999 and Ober and Hayes 2010) 
but may also be related to plant productivity or the biogeographical history of the moth community 
(Hawkins and Porter 2003, Axmacher et al. 2004).  Some vegetational layers may have greater 
influence on moth communities than others.  For example, some studies have found species 
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richness of the shrub layer in forests to be particularly related to moth species richness (reviewed in 
Ober and Hayes 2010).  The presence and absence of host plants, in addition to the relative cover of 
tree, herbaceous, and shrub layers, may help explain moth community structure (Luque et al. 2007). 
In a study of macromoths in riparian forests of western Oregon, canopy cover was found to be a 
better predictor of moth diversity than shrub and understory vegetation, or species richness of 
vegetation in general (Ober and Hayes 2010).  The authors of that study conclude that moth 
diversity was influenced more by total resource abundance than resource diversity.  In the present 
study, I found no correlation between canopy cover and moth diversity; however, canopy cover was 
remarkably similar among all stands greater than 10 years old (including old growth sites).  This 
suggests that my measurements of canopy cover were likely not reflective of changes in canopy 
structure that are known to occur with stand age (Spies 1998).  
Greater structural complexity of the forest canopy can result in greater productivity and increased 
habitat heterogeneity, which promotes animal diversity (Ishii et al. 2004, Lewinsohn et al. 2005). 
This relationship may explain why, at a particular latitude, forests tend to have greater diversity and 
biomass of moths and other arthropods than habitats with less structurally-complex vegetation 
(Lawton 1983, Summerville and Crist 2008).  In general, larger plants tend to have greater insect 
species richness than smaller plants, a result that is attributed to size and structure (Lawton 1983).  
For example, a study of tree species in Finland found that macrolepidopteran species richness was 
higher on larger-growing tree species than smaller ones (Neuvonen and Niemela 1981).  
Additionally, among long-lived, woody tea plants (Camellia sinensis), the number of insects species 
was 10 times higher on older and larger plants than young ones, even when the plants were in close 
proximity to one another (Banerjee 1981).  In a similar pattern, the herbivorous insect species 
richness on Opuntia cacti was positively correlated with plant height (Moran 1980).  Altogether, it 
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appears that larger plants, through both height and variety of above-ground structures, provide 
greater heterogeneity of feeding sites, microclimate, foliage toughness and chemistry, and refugia 
than smaller plants (Lawton 1983, Ishii et al. 2004).  This likely explains why many forest animals, 
including herbivorous insects, exhibit vertical stratification (Lawton 1983, Ishii et al. 2004).  
Forest canopies can contribute significantly to local diversity as a result of vertical stratification 
(Lewinsohn et al. 2005), yet these habitats may be under-represented by light traps.  For example, a 
study of moths in rain forests found that diversity and species richness were 26% and 12% lower, 
respectively, when light traps were employed only in the understory and not the canopy (Willot 
1999).  In the present study, the canopy in old growth stands may similarly be under-sampled 
because canopy in these forests tend to be multi-layered and can achieve great heights and 
structural complexity (Franklin et al. 1981).  Although only a small proportion of habitat may have 
been sampled in old growth stands, I was still able to detect differences between these sites and 
previously-logged sites, suggesting that the differences may be even greater than documented.  
Overall, the differences in moth species richness and diversity between old growth and previously-
logged sites in this study are likely related to the significantly higher vegetational diversity observed 
in old growth sites, along with the tendency for old growth forests to be more structurally complex 
(although the latter was not quantified in this study).  
 
Community composition and structure 
 
Species assemblages at old growth sites were remarkably similar despite the large average 
geographical distances separating them.  All four sites grouped closely together on NMDS ordination 
plots, indicating strong similarity between them.  This was true despite the fact that one old growth 
sites, OGLL, had much lower species richness and diversity than the other four sites.   
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Apart from sites younger than 10 years, both old growth and previously-logged sites generally 
ordinated together in a large group, indicating relatively similar community compositions (Figures 14 
and 15).  It appears that these similarities are mostly driven by several common moth species, 
notably Caripeta divisata, Iridopsis emasculata, Macaria signaria, Panthea virginarius, and Venusia 
cambrica.  These species are generalist feeders or oligophages, feeding particularly on trees, and 
strongly contributed to within-group similarity for both previously-logged and old growth groups 
(Table 4).  These species also strongly contributed to the dissimilarity between the two groups 
because of differences in average abundance (Table 5).  For example, average abundances for 
Panthea virginarius, Iridopsis emasculata, and Caripeta divisata were higher in old growth sites 
while Macaria signaria and Venusia cambrica had higher average abundance in previously-logged 
sites. 
Although I did not find strong differences in community composition between old growth and 
previously-logged sites, several studies have demonstrated clear separations between moth 
communities in natural and managed forests.  For example, a study of geometrid moths in montane 
forests found distinct ordinations between communities in managed and natural forests (Hilt et al. 
2006), as did a study of geometrids on Mt. Kilimanjaro (Axmacher et al. 2004). In temperate 
deciduous forests, macromoth communities in unlogged stands ordinated separately from clear-cut 
and selectively logged stands (Summerville and Crist 2002).  Interestingly, in that study, wilderness 
stands also ordinated separately from unlogged sites that were within a managed forest matrix, 
indicating that the surrounding habitat can strongly influence community composition.  Changes in 
moth community composition following logging have been attributed to alterations in tree species 
diversity, tree basal area, shrub and understory species richness (Summerville and Crist 2003, Ober 
and Hayes 2010). 
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Even though old growth sites in the present study did not strongly ordinate apart from most other 
previously-logged stands, there were some important differences in community structure.  Old 
growth sites had significantly higher proportions of specialist species and significantly lower relative 
abundances of generalists and pests.  The patterns associated with diet breadth may be related to 
the significantly higher vegetational diversity observed in old growth sites, in addition to the greater 
habitat complexity typical of many old growth forests (Franklin et al. 1981).  In addition, the relative 
scarcity of specialists in previously-logged stands may be attributed to their sensitivity to habitat 
disturbance (Summerville and Crist 2008).  
 
Non-native species 
 
The average relative abundance of non-native individuals in old growth stands was significantly 
lower (33% lower) than in previously-logged sites.  This difference suggests that non-native species 
may have a harder time colonizing and flourishing in old growth forests due to biotic interactions in 
these environments.  It may also suggest that disturbance of the environment by logging, or 
proximity to logging, may facilitate colonization by non-native species.  
To address these possibilities, it is first important to describe factors leading to the establishment 
and proliferation of non-native species.   Release from natural enemies, either predators or 
pathogens, can allow populations of non-native species to rapidly grow when resources are ample, 
or allow a population to exist in marginal habitat (Shea and Chesson 2002).  Also, invading species 
must be able to exploit available resources, such as food and habitat.  Disturbance may facilitate 
colonization of invasive moths because it displaces resident moth species and frees up resources, 
reducing interspecific competition (Liebhold et al.  1995). Additionally, disturbance likely promotes 
establishment by Eurasian weeds (Rejmanek and Randall 1994) which are more likely to be suitable 
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for non-native species than for native species.  Disturbance is believed to be a leading factor in the 
establishment of non-native species (Shea and Chesson 2002).    
The availability of resources may also be due to underutilization by the native community.  Such 
empty niches may be minimized in mature communities where species richness is high.  Beginning 
with early ecological work in the 1950s, studies indicated that environments with high species 
richness were harder to colonize by non-native species (reviewed in Shea and Chesson 2002 and 
Hooper et al. 2005). This effect may be due to competitive exclusion, but may also be due to a 
higher probability that the invading species will encounter parasitism, predation, or disease that 
results from the presence of a similar native species (Shea and Chesson 2002, Hooper et al. 2005).   
Both natural enemies and competition may explain the pattern documented in the present study.  
Franklin et al. (1989) reported that diversity and abundance of canopy insect predators was highest 
in old growth forests compared to young previously-logged sites of western Oregon.  It stands to 
reason that higher predator diversity would reduce the likelihood that non-native species would 
benefit from predator release.  The documented patterns of higher moth species richness and 
greater feeding specialization in the old growth sites described in this thesis may indicate a greater 
likelihood that interspecific competition would negatively affect such invaders.  However, a 
regression of the relative abundance of non-native moth individuals and observed species richness 
for native species was non-significant, suggesting that native species richness does not affect 
invasibility in these forests.  Despite the propensity for invasibility to decline with native species 
richness at small (local) scales in many other studies, the causal factors determining invasibility are 
often complex and native species richness may contribute to greater invasibility in some ecosystems 
(Fridley et al. 2007).   
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Bioindicators  
 
This is the first study to examine specifically the potential for macromoths to serve as indicators of 
habitat disturbance in coniferous forests of the Pacific Northwest.  I found that macromoths exhibit 
characteristic responses to environmental disturbance from logging, and these results mirror those 
of several studies occurring across many different forest types (Kitching et al. 2000, Summerville et 
al. 2004, Hilt et al. 2006, Luque et al. 2007). Like these other studies, I found that moth communities 
respond to disturbance with a characteristic reduction in species richness, abundance, or diversity.  
However, Kitching et al. (2000) found that some taxa, notably subfamilies of Noctuidae, increased in 
relative abundance as disturbance increased.  Regardless of the direction of the response, moths 
appear to be intrinsically good indicators of habitat quality in forest ecosystems, and this is likely 
due their taxonomic diversity, short generations, high abundance, and ecological role as herbivores 
(Price 1992, Maleque et al. 2006).   
Select macromoth taxa in this study, chiefly Geometridae and its subfamilies, exhibited strong 
relationships to community-wide patterns of species richness and diversity.  Geometridae 
performed best as indicators of overall macromoth species richness and diversity, although this may 
be attributed to it comprising 64% of all individuals in this study.   The performance of geometrids as 
community-wide indicators may also be explained by their larval feeding habits, as almost all 
observed in this study feed on woody plants and a majority feed on conifers.  Thus, an increase in 
Geometridae diversity and species richness may be due to the fact that conifers tend to increase in 
both biomass and diversity with forest succession.  The response of geometrids documented herein 
is similar to that reported by Hilt et al. (2006), who found that geometrids in disturbed montane rain 
forests in the Andes exhibited lower species richness and diversity in early successional 
environments than in late successional and natural forests. 
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Geometridae comprised a large proportion of total individuals, yet it is often desirable in practical 
circumstances, such as habitat quality monitoring, to identify indicator taxa having relatively few 
species in order to decrease time spent handling and identifying specimens while retaining high 
levels of correlation with community-wide patterns (Pearson 1994).  Thus, the geometrid 
subfamilies Ennominae and Larentiinae present reasonable alternatives.   Summerville et al. (2004) 
generally identified these two taxa as desirable bioindicators based on criteria such as species 
diversity, well established taxonomy, and habitat fidelity.   
In this study, Ennominae represented 18% of all species and 33% of all individuals, nearly half that of 
Geometridae.  Among subfamilies in this study, it performed best as an indicator of overall species 
richness, but performed poorly for diversity.  All Ennominae species observed in this study feed on 
woody plants as larvae and they accounted for 49% of observed species known to feed on conifers.  
Ennominae studied in deciduous forests of the eastern US found did not perform well as indicators 
of community-wide species richness in disturbed areas, but they were sensitive to habitat 
disturbance, exhibiting significantly lower species richness in clear-cut and selectively logged sites 
compared to unlogged areas (Summerville et al. 2004). Similarly, in upland Australian rain forests, 
Kitching et al. (2000) found that the relative abundance of Ennominae decreased with increased 
levels of disturbance.   
Larentiinae (17% of all species, 24% of all individuals) performed best among subfamilies as an 
indicator of community-wide diversity, and was second behind Ennominae for species richness.  
Most larentiine species in this study feed on woody plants, but they accounted for only 15% species 
feeding on conifers.  This appears to contradict earlier support for the importance of conifer-feeding 
species in determining indicator status for community-wide species richness and diversity.  As with 
the Ennominae, Summerville et al. (2004) reported that Larentiinae did not perform well as 
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indicators of community-wide species richness in deciduous forests of the eastern US (the response 
of this taxon to disturbance was unreported).  In that same study, the authors found that Arctiinae 
and Notodontidae performed best as indicators of overall moth species richness (Summerville et al. 
2004), but in the present study, these taxa were relatively poor in species richness, each having 
fewer than 10 species present and thus were not included in my bioindicator analysis.   
Apart from Geometridae and its subfamilies, the Noctuidae subfamily Xyleninae (11% of species and 
7% of individuals) also performed well as indicators of community-wide responses following 
deforestation.  Members of this Xyleninae observed in this study range from specialist to generalists 
feeders, and feed on herbs, flowering trees and shrubs, and conifers.  Interestingly, only two species 
feed exclusively on conifers.    
Overall, I would recommend Larentiinae or Xyleninae as the most promising  choices for indicator 
taxa in forests of this region and elevation because these taxa closely represented trends in 
community-wide species richness and diversity, they spanned a range of larval host plant 
preferences, and they each accounted for a relatively small percentage of individuals and species 
(especially Xyleninae). 
 
Conclusions 
 
My study adds to the growing evidence that moths are predictable indictors of habitat disturbance 
in forests environments.  This study is unique in that it assesses the relationship between moth 
community structure and disturbance in conifer forests of the Pacific Northwest for the first time.  It 
is also the first study to my knowledge in which chronosequence analysis has been employed with 
moth communities to specifically address how changes in community structure are manifested 
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along a more continuous time scale, as opposed to comparing just unlogged and logged forests.  In 
addition, this study underscores the importance of considering sample size when comparing moth 
communities. 
My results indicate that macromoth communities are sensitive to habitat change in the forest areas 
studied, and that habitat disturbance from logging tends to reduce abundance, species richness, and 
diversity, while causing important shifts in community structure.  This is likely due to the close 
association between moths and their larval host plants.  Forest structure may be particularly 
important in influencing moth communities, yet this is the attribute most affected by logging and 
generally the slowest to recover.  Further research should investigate how moth communities 
respond to both natural disturbance such as fire and different silvicultural prescriptions such as 
selective harvesting.  It is possible that timber harvesting methods that are less severe and retain 
aspects of the original forest’s plant diversity and habitat structure might better conserve moth 
biodiversity.  Based on my results, simply increasing the length of harvest rotations (typically 40 – 60 
years) in these forests could result in important changes in macromoth community structure, which 
may have important ecological consequences for other animals that utilize moths as prey.  However, 
it appears that even after 85 - 95 years, moth communities in previously-logged sites do not fully 
resemble communities in old growth sites.  Therefore, it may be necessary to allow some regrowing 
forests to fully mature if maximizing moth biodiversity is desirable, in addition to conserving the 
small amounts of old growth that currently exist, especially at low and mid elevations.   
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Appendix A 
 
Table A1.  Trapping dates for each site.  Moths were sampled using 
an ultraviolet light trap powered from dusk until dawn.  Study sites 
are ordered by increasing stand age.   
Site Sampling dates (2009) 
VZ2008 6/23 7/20 8/23 
VZ2005 N 6/23 7/19 8/23 
VZ2005 S 6/28 7/20 8/23 
BH2001 6/22 7/25 8/20 
CL1990 6/25 7/22 8/18 
BH1988 6/22 7/25 8/20 
BH1983 6/22 7/25 8/20 
CL1978 6/25 7/22 8/18 
VZ1975 6/27 7/19 8/22 
VZ1966 6/27 7/19 8/22 
VZ1963 6/28 7/19 8/22 
VZ1956 6/27 7/19 8/22 
BH1943 6/22 7/25 8/20 
BH1939 6/22 7/25 8/20 
VZ1936 6/28 7/20 8/23 
CL1934 6/25 7/22 8/18 
VZ1924 6/29 7/19 8/19 
VZ1922 6/29 7/19 8/19 
CL1915 6/25 7/22 8/18 
LW1914 6/23 7/21 8/21 
OGLL 6/22 7/21 8/21 
OGBL 6/26 7/23 8/17 
OGRP 6/26 7/23 8/17 
OGSS 6/26 7/23 8/17 
 Table A2.  The number of individuals by species collected in one night of trapping per month in June, July, and August 2009 in northwest Washington 
State.  Data are given for each study site and species are arranged by family (bold) and subfamily (underlined), following recently-used higher 
taxonomic arrangement (Lafontaine and Schmidt 2010, Pohl et al. 2010).  Six sites are shown in this table, arranged from left to right by increasing 
stand age (see Table 1).  Data for all other sites are listed in subsequent tables.   
 VZ2008 VZ2005 N VZ2005 S BH2001 CL1990 BH1988 
  June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
Drepanidae                        
Drepaninae                        
 Drepana arcuata  0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 
 Drepana bilineata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thyatirinae                        
 Euthyatira semicircularis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Habrosyne scripta   0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
 Pseudothyatira 
cymatophoroides 0 0 0 0 1 0 0 1 0 0 1 0 0 2 0 0 0 0 
Erebidae                        
Arctiinae                        
 Clemensia albata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Pyrrharctia isabella 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Lophocampa argentata 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
 Lophocampa maculata 3 0 0 0 0 0 0 0 0 0 0 0 3 0 0 3 0 0 
 Lophocampa roseata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Spilosoma virginica 2 0 0 4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Erebinae                        
 Lygephila victoria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hypeninae                        
 Hypena californica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Hypena palparia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Lymantriinae 
 Dasychira grisefacta  0 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 1 0 
 Leucoma salicis  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Orgyia pseudotsugata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rivulinae                        
 Rivula propinqualis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geometridae                        
Ennominae                        
 Anagoga occiduaria 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 
 Besma quercivoraria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Biston betularia   3 4 0 0 0 0 0 4 0 0 1 0 0 2 0 0 1 0 
 Cabera erythemaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Campaea perlata  0 0 0 1 1 0 0 0 0 1 4 0 0 3 0 0 0 0 
 Caripeta aequaliaria 0 0 0 1 0 0 0 1 0 0 0 0 2 0 0 0 0 0 
 Caripeta divisata 0 1 0 0 0 0 0 0 0 0 0 0 2 33 0 1 21 0 
 Ectropis crepuscularia 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 
 Ennomos magnaria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Enypia packardata 0 1 0 3 0 0 0 0 0 0 1 0 3 14 0 2 2 0 
 Enypia venata 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 0 26 0 
 Euchlaena tigrinaria  0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
 Gabriola dyari 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 5 0 
 Hesperumia latipennis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Hesperumia sulphuraria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Iridopsis emasculata 0 0 0 0 0 0 0 0 0 0 2 0 4 4 0 0 0 0 
 Macaria lorquinaria  0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
 Macaria signaria 0 1 0 1 1 0 0 0 0 0 2 0 5 27 0 2 1 0 
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 Macaria ulsterata  0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
 Metanema inatomaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Nematocampa resistaria 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Neoalcis californiaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Neoterpes trianguliferata 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
 Nepytia umbrosaria 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 
 Pero mizon 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Pero morrisonaria 1 0 0 3 0 0 0 0 0 0 0 0 6 1 0 3 0 0 
 Probole amicaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Prochoerodes forficaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Protoboarmia procelaria 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
 Sabulodes edwardsata 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Selenia alciphearia 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
 Sicya crocearia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Stenoporpia pulmonaria 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Thallophaga hyperborea  0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Geometrinae                      0  
 Hemithea aestivaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Nemoria darwiniata 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Larentiinae                        
 Dysstroma brunneata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Dysstroma citrata  0 0 0 2 1 0 0 0 0 2 0 2 2 3 0 1 0 0 
 Dysstroma formosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Dysstroma ochrofuscaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Dysstroma sobria  0 0 0 0 0 0 0 0 0 0 0 0 1 3 0 1 1 0 
 Dysstroma truncata 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
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 Ecliptopera silaceata 0 0 0 1 0 1 0 0 0 0 0 19 1 1 0 0 0 1 
 Epirrhoe alternata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eulithis destinata 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 3 0 
 Eulithis propulsata  0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
 Eulithis xylina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
 Euphyia intermediata 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eupithecia columbrata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eupithecia subfuscata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
 Eupithecia sp. 0 0 0 0 0 0 0 2 0 0 0 0 2 0 0 0 1 0 
 Eupithecia unicolor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eustroma fasciata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eustroma semiatrata 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Hydriomena edenata 0 0 0 3 0 0 0 0 0 0 0 0 1 0 0 1 0 0 
 Hydriomena furcata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
 Hydriomena marinata  0 0 0 0 0 0 0 0 0 0 0 0 12 3 0 7 0 0 
 Hydriomena perfracta 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 
 Hydriomena renunciata 0 0 0 0 1 0 0 0 0 0 0 0 3 0 0 0 0 0 
 Hydriomena speciosata 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 
 Mesoleuca ruficillata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Perizoma grandis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Plemyria georgii 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Rheumaptera hastata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Rheumaptera undulata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Spargania magnoliata 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Stamnoctenis pearsalli 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Trichodezia albovittata 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 
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 Triphosa haesitata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Venusia cambrica 0 0 0 0 1 0 0 1 0 1 37 22 6 26 11 3 19 3 
Sterrhinae                        
 Cyclophora sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Cyclophora pendulinaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Scopula junctaria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lasiocampidae                         
Lasiocampinae                        
 Malacosoma californicum 0 0 0 0 1 0 0 4 0 0 45 0 0 0 0 0 0 0 
 Phyllodesma americana 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Macromphaliinae                        
 Tolype distincta  0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 
Noctuidae                        
Acronictinae                        
 Acronicta dactylina 0 4 0 3 0 0 0 3 0 0 0 0 0 1 0 0 0 0 
 Acronicta fragilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Acronicta grisea  0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Acronicta innotata 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Acronicta radcliffei   0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphipyrinae                        
 Amphipyra tragopoginis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
 Amphipyra pyramidoides  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dilobinae                        
 Raphia frater 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eustrotiinae                        
 Protodeltote albidula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Noctuinae                        
 Abagrotis apposita 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Abagrotis baueri 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Adelphagrotis indeterminata 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
 Adelphagrotis stellaris  0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
 Agrotis vancouverensis  0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Anaplectoides prasina 0 0 0 0 2 0 0 1 0 0 0 0 0 3 0 0 0 0 
 Anaplectoides pressus  0 0 0 4 0 0 0 0 0 0 0 0 0 1 0 0 2 0 
 Aplectoides condita  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Dargida procinctus 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
 Diarsia dislocata 0 0 0 0 0 0 0 0 0 0 4 0 0 1 0 0 1 0 
 Diarsia esurialis  0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 
 Diarsia rosaria  0 0 0 0 9 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Eurois astricta  0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eurois occulta  0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Feltia herilis  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Graphiphora augur  0 0 0 0 3 0 0 1 0 0 0 0 0 3 0 0 0 0 
 Homorthodes communis  0 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
 Homorthodes hanhami 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
 Lacanobia radix  0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
 Lacinipolia comis  0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Lacinipolia cuneata 0 0 0 2 8 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Lacinipolia davena 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Lacinipolia pensilis 0 0 0 0 7 0 0 1 0 0 0 0 0 1 0 0 0 0 
 Leucania farcta  0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Lithomoia germana 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 
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 Melanchra adjuncta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
 Melanchra nr. assimilis 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Melanchra pulverulenta 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
 Mniotype versuta  1 0 0 0 4 0 0 2 0 0 0 0 0 0 0 0 1 0 
 Noctua pronuba 1 1 0 0 3 0 0 1 0 0 0 2 1 0 1 1 0 3 
 Ochropleura implecta  2 0 0 7 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
 Parabagrotis sulinaris 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Peridroma saucia  0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Platypolia contadina  0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 
 Polia nimbosa 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 
 Polia piniae  0 0 0 3 4 0 1 0 0 0 0 0 0 0 0 0 0 0 
 Polia purpurissata  0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Pseudohermonassa flavotincta 0 0 0 0 0 1 0 0 0 0 4 0 0 2 0 0 11 0 
 Pseudorthodes irrorata 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Spiramater lutra 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Trichordestra liquida  0 0 0 2 7 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Xestia c-nigrum  0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Xestia mustelina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Xestia oblata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Xestia perquiritata 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Xestia smithii 0 0 0 0 0 2 0 0 3 0 0 1 0 0 0 0 0 0 
 Xestia xanthographa  0 0 0 0 0 1 0 2 0 0 0 1 0 0 1 0 0 0 
 Zosteoropoda hirtipes 0 0 0 13 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Oncocnemidinae                        
 Sympistis semicollaris  0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
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Pantheinae 
 Panthea virginarius 2 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Plusiinae                        
 Abrostola urentis  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Autographa ampla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Autographa corusca  0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Autographa mappa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eosphoropteryx thyatyroides 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Syngrapha celsa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Syngrapha rectangula 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 
Xyleninae                        
 Agrochola verberata 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
 Andropolia aedon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Apamea amputatrix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Apamea cogitata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Apamea indocilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Apamea vultuosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Aseptis adnixa  0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Aseptis binotata  0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Cosmia elisae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Cosmia praeacuta  0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
 Enargia decolor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Enargia infumata 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Euplexia benesimilis  0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 
 Hyppa contrasta 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Hyppa indistincta  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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 Ipimorpha nanaimo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Lithophane petulca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Oligia illocata  0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 
 Oligia indirecta  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Phlogophora periculosa 0 0 0 0 0 0 0 0 0 0 1 1 0 2 1 0 0 0 
 Zotheca tranquilla 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 0 0 0 
Notodontidae                        
Heterocampinae                        
 Oligocentria pallida 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Oligocentria semirufescens 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
 Schizura ipomoeae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 
 
Notodontinae                        
 Pheosia portlandia  0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Phalerinae                        
 Nadata gibbosa 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 
Pygaerinae                    
 Clostera albosigma  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Saturniidae                         
Saturniinae                        
 Antheraea polyphemus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphingidae                        
Smerinthinae                        
 Paonias excaecatus 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
 Smerinthus cerisyi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Uraniidae                         
Epipleminae                         
 Callizzia amorata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 
  
 
Table A3.  The number of individuals by species collected in one night of trapping per month in June, July, and August 2009 in northwest Washington 
State.  Data are given for each study site and species are arranged by family (bold) and subfamily (underlined), following recently-used higher 
taxonomic arrangement (Lafontaine and Schmidt 2010, Pohl et al. 2010).  Six sites are shown in this table, arranged from left to right by increasing 
stand age (see Table 1).  Data for all other sites are listed in previous and subsequent tables.   
 BH1983 CL1978 VZ1975 VZ1966 VZ1963 VZ1956 
 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
Drepanidae                        
Drepaninae                        
 Drepana arcuata  0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
 Drepana bilineata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thyatirinae                        
 Euthyatira semicircularis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Habrosyne scripta   0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Pseudothyatira  
cymatophoroides 0 1 0 0 1 0 0 1 0 0 1 0 0 0 0 1 0 0 
Erebidae                        
Arctiinae                        
 Clemensia albata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Pyrrharctia isabella 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
 Lophocampa argentata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Lophocampa maculata 4 0 0 2 0 0 2 1 0 29 0 0 1 3 0 8 0 0 
 Lophocampa roseata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Spilosoma virginica 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2 0 0 
Erebinae                        
 Lygephila victoria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hypeninae                        
 Hypena californica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Hypena palparia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Lymantriinae 
 Dasychira grisefacta  0 1 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Leucoma salicis  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Orgyia pseudotsugata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rivulinae                        
 Rivula propinqualis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geometridae                        
Ennominae                        
 Anagoga occiduaria 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Besma quercivoraria  0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 
 Biston betularia   0 1 0 10 8 0 3 0 0 4 0 0 4 12 0 5 6 0 
 Cabera erythemaria 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
 Campaea perlata  0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Caripeta aequaliaria 0 0 0 0 0 0 2 2 0 11 1 0 3 4 0 12 2 0 
 Caripeta divisata 2 26 1 3 36 0 14 29 0 3 2 0 0 0 0 0 7 0 
 Ectropis crepuscularia 4 0 1 1 0 0 5 0 0 1 0 0 0 0 0 2 0 0 
 Ennomos magnaria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
 Enypia packardata 4 2 0 14 29 1 10 16 1 1 0 0 0 4 1 8 1 0 
 Enypia venata 0 6 1 0 15 0 0 8 0 0 0 0 0 1 0 0 0 0 
 Euchlaena tigrinaria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Gabriola dyari 0 1 1 0 0 2 0 1 5 0 0 0 0 0 0 0 0 0 
 Hesperumia latipennis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Hesperumia sulphuraria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Iridopsis emasculata 1 0 0 0 8 0 2 8 0 3 0 0 0 6 0 1 4 0 
 Macaria lorquinaria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table A3. continued 
 BH1983 CL1978 VZ1975 VZ1966 VZ1963 VZ1956 
 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
 
108 
 
 Macaria signaria 7 3 1 11 64 1 25 40 0 40 0 0 0 6 0 11 13 0 
 Macaria ulsterata  0 0 0 0 0 0 1 4 0 0 0 0 0 0 0 0 1 0 
 Metanema inatomaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Nematocampa resistaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Neoalcis californiaria 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 2 
 Neoterpes trianguliferata 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Nepytia umbrosaria 0 8 5 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Pero mizon 0 0 0 0 0 0 0 5 0 0 0 0 0 4 0 0 2 0 
 Pero morrisonaria 4 0 0 0 0 0 5 2 0 2 0 0 0 2 0 5 0 0 
 Probole amicaria 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 
 Prochoerodes forficaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Protoboarmia procelaria 0 0 0 0 5 0 1 0 0 0 0 0 0 0 0 1 0 0 
 Sabulodes edwardsata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Selenia alciphearia 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
 Sicya crocearia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Stenoporpia pulmonaria 0 0 3 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
 Thallophaga hyperborea  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geometrinae   0  0                  
 Hemithea aestivaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Nemoria darwiniata 0 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 
Larentiinae                        
 Dysstroma brunneata 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 
 Dysstroma citrata  1 0 2 0 2 0 1 2 4 1 0 0 1 0 0 0 0 0 
 Dysstroma formosa 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 
 Dysstroma ochrofuscaria 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table A3. continued 
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 Dysstroma sobria  0 0 0 0 0 0 1 0 0 1 1 0 1 0 0 0 0 0 
 Dysstroma truncata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Ecliptopera silaceata 0 0 5 0 1 1 2 0 10 0 0 0 0 0 6 2 0 13 
 Epirrhoe alternata  0 0 1 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eulithis destinata 0 0 0 0 3 0 0 1 0 0 0 1 0 0 0 0 1 0 
 Eulithis propulsata  0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 
 Eulithis xylina 0 1 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Euphyia intermediata 5 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 
 Eupithecia columbrata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eupithecia subfuscata 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eupithecia sp. 5 0 0 4 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
 Eupithecia unicolor 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Eustroma fasciata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eustroma semiatrata 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 
 Hydriomena edenata 2 1 0 0 0 0 15 3 0 15 0 0 0 0 0 0 1 0 
 Hydriomena furcata 0 1 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Hydriomena marinata  6 2 0 19 5 0 14 10 0 3 0 0 0 2 0 3 4 0 
 Hydriomena perfracta 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 
 Hydriomena renunciata 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
 Hydriomena speciosata 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Mesoleuca ruficillata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Perizoma grandis 0 0 0 0 0 0 0 3 0 0 1 0 0 0 0 0 0 0 
 Plemyria georgii 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Rheumaptera hastata 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
 Rheumaptera undulata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table A3. continued 
 BH1983 CL1978 VZ1975 VZ1966 VZ1963 VZ1956 
 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
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 Spargania magnoliata 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Stamnoctenis pearsalli 0 0 0 0 0 0 1 1 0 3 0 0 0 0 0 4 0 0 
 Trichodezia albovittata 0 0 0 0 0 0 0 2 0 0 0 0 0 5 0 0 0 0 
 Triphosa haesitata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 Venusia cambrica 9 7 18 3 62 26 24 59 18 35 11 0 1 15 1 6 8 2 
Sterrhinae                        
 Cyclophora sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Cyclophora pendulinaria 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Scopula junctaria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lasiocampidae                         
Lasiocampinae                        
 Malacosoma californicum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Phyllodesma americana 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
Macromphaliinae                        
 Tolype distincta  0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 0 1 
Noctuidae                        
Acronictinae                        
 Acronicta dactylina 0 0 0 0 0 0 0 1 0 0 0 0 0 3 0 0 1 0 
 Acronicta fragilis 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
 Acronicta grisea  0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Acronicta innotata 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Acronicta radcliffei   0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Amphipyrinae                        
 Amphipyra tragopoginis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Amphipyra pyramidoides  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table A3. continued 
 BH1983 CL1978 VZ1975 VZ1966 VZ1963 VZ1956 
 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
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Dilobinae                        
 Raphia frater 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eustrotiinae                        
 Protodeltote  albidula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Noctuinae                        
 Abagrotis apposita 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 Abagrotis baueri 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Adelphagrotis indeterminata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Adelphagrotis stellaris  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Agrotis vancouverensis  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Anaplectoides prasina 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 
 Anaplectoides pressus  0 1 0 0 1 0 7 12 0 1 1 0 0 4 0 0 0 0 
 Aplectoides condita  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Dargida procinctus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Diarsia dislocata 0 2 0 0 3 0 0 4 0 0 0 0 0 2 0 0 3 0 
 Diarsia esurialis  1 0 0 0 0 0 3 0 0 1 0 0 2 0 0 1 0 0 
 Diarsia rosaria  0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
 Eurois astricta  0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
 Eurois occulta  0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
 Feltia herilis  0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 
 Graphiphora augur  0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
 Homorthodes communis  0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 
 Homorthodes hanhami 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
 Lacanobia radix  0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 2 0 
 Lacinipolia comis  0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 1 0 
Table A3. continued 
 BH1983 CL1978 VZ1975 VZ1966 VZ1963 VZ1956 
 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
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 Lacinipolia cuneata 1 0 0 0 0 0 1 0 0 2 0 0 0 1 0 0 0 0 
 Lacinipolia davena 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Lacinipolia pensilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Leucania farcta  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Lithomoia germana 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 
 Melanchra adjuncta 0 0 0 0 0 0 1 0 0 3 0 0 0 0 0 2 0 0 
 Melanchra nr. assimilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Melanchra pulverulenta 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
 Mniotype versuta  0 0 0 0 2 0 0 1 0 0 0 0 1 0 0 0 1 0 
 Noctua pronuba 0 0 9 1 0 1 2 0 2 0 0 2 0 1 2 0 0 0 
 Ochropleura implecta  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Parabagrotis sulinaris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
 Peridroma saucia  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Platypolia contadina  0 0 0 0 4 0 0 13 0 0 3 0 0 4 0 0 2 0 
 Polia nimbosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Polia piniae  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Polia purpurissata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Pseudohermonassa flavotincta 0 3 0 0 2 2 0 3 0 0 0 1 0 1 0 0 0 0 
 Pseudorthodes irrorata 0 0 0 0 0 0 0 2 0 0 0 0 0 2 0 0 1 0 
 Spiramater lutra 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 2 0 0 
 Trichordestra liquida  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
 Xestia c-nigrum  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Xestia mustelina 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 
 Xestia oblata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Xestia perquiritata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table A3. continued 
 BH1983 CL1978 VZ1975 VZ1966 VZ1963 VZ1956 
 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
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 Xestia smithii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 
 Xestia xanthographa  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Zosteoropoda hirtipes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oncocnemidinae                        
 Sympistis semicollaris  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pantheinae                        
 Panthea virginarius 0 0 0 0 5 0 13 4 0 21 6 0 2 16 0 22 37 0 
Plusiinae                        
 Abrostola urentis  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Autographa ampla 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
 Autographa corusca  0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Autographa mappa 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
 Eosphoropteryx thyatyroides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Syngrapha celsa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Syngrapha rectangula 0 2 0 0 1 1 0 2 0 0 0 0 0 0 0 0 0 0 
Xyleninae                       
 Agrochola verberata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 Andropolia aedon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Apamea amputatrix 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Apamea cogitata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Apamea indocilis 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 
 Apamea vultuosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Aseptis adnixa  0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 
 Aseptis binotata  0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 
 Cosmia elisae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table A3. continued 
 BH1983 CL1978 VZ1975 VZ1966 VZ1963 VZ1956 
 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
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 Cosmia praeacuta  0 0 1 0 0 10 0 0 1 0 0 0 0 0 1 0 0 0 
 Enargia decolor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Enargia infumata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Euplexia benesimilis  1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Hyppa contrasta 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
 Hyppa indistincta  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Ipimorpha nanaimo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Lithophane petulca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Oligia illocata  0 0 1 0 0 4 0 0 6 0 0 2 0 0 2 0 0 5 
 Oligia indirecta  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Phlogophora periculosa 0 0 1 0 1 2 0 0 1 0 0 0 0 0 0 0 0 1 
 Zotheca tranquilla 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 
Notodontidae                        
Heterocampinae                        
 Oligocentria pallida 0 0 0 0 0 0 0 3 0 0 0 0 1 1 0 0 1 0 
 Oligocentria semirufescens 0 2 0 0 5 0 0 0 0 0 0 0 0 2 0 1 0 0 
 Schizura ipomoeae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Notodontinae                        
 Pheosia portlandia  0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
Phalerinae                        
 Nadata gibbosa 0 0 0 0 1 0 2 1 0 1 0 0 0 1 0 0 0 0 
Pygaerinae                        
 Clostera albosigma  0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
 
                        
Table A3. continued 
 BH1983 CL1978 VZ1975 VZ1966 VZ1963 VZ1956 
 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
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Saturniidae  
Saturniinae                        
 Antheraea polyphemus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sphingidae                        
Smerinthinae                        
 Paonias excaecatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Smerinthus cerisyi 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 
Uraniidae                         
Epipleminae                         
 Callizzia amorata  0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
  
 
Table A4.  The number of individuals by species collected in one night of trapping per month in June, July, and August 2009 in northwest Washington 
State.  Data are given for each study site and species are arranged by family (bold) and subfamily (underlined), following recently-used higher 
taxonomic arrangement (Lafontaine and Schmidt 2010, Pohl et al. 2010).  Six sites are shown in this table, arranged from left to right by increasing 
stand age (see Table 1).  Data for all other sites are listed in previous and subsequent tables.   
 BH1943 BH1939 VZ1936 CL1934 VZ1924 VZ1922 
 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
Drepanidae                        
Drepaninae                        
 Drepana arcuata  0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 1 1 
 Drepana bilineata  0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Thyatirinae                        
 Euthyatira semicircularis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Habrosyne scripta   0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
 Pseudothyatira 
cymatophoroides 1 0 0 0 0 0 0 1 0 0 1 0 0 2 0 0 2 0 
Erebidae                        
Arctiinae                        
 Clemensia albata 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 2 
 Pyrrharctia isabella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Lophocampa argentata 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 1 0 
 Lophocampa maculata 1 0 0 0 0 0 3 3 0 2 0 0 7 0 0 7 1 0 
 Lophocampa roseata 0 0 0 0 2 0 0 1 0 0 1 0 0 0 0 0 1 0 
 Spilosoma virginica 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 
Erebinae                        
 Lygephila victoria  0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hypeninae                        
 Hypena californica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Hypena palparia 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
                        
Table A4. continued 
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 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
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Lymantriinae 
 Dasychira grisefacta  0 2 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 
 Leucoma salicis  0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 
 Orgyia pseudotsugata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 
Rivulinae                        
 Rivula propinqualis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geometridae                        
Ennominae                        
 Anagoga occiduaria 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 
 Besma quercivoraria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Biston betularia   2 7 0 2 0 0 10 6 0 1 17 0 19 1 0 5 2 0 
 Cabera erythemaria 0 2 0 0 2 0 0 4 0 0 0 0 0 0 0 0 2 0 
 Campaea perlata  0 0 0 0 2 0 0 0 0 0 1 0 0 3 0 0 7 0 
 Caripeta aequaliaria 0 0 0 0 1 0 21 15 0 6 0 0 3 0 0 4 1 0 
 Caripeta divisata 1 8 0 0 15 0 2 43 0 1 27 0 2 8 0 5 10 0 
 Ectropis crepuscularia 1 0 0 2 0 0 5 1 0 0 0 0 2 0 0 1 0 0 
 Ennomos magnaria  0 0 0 0 0 0 0 0 2 0 0 2 0 0 10 0 0 5 
 Enypia packardata 0 3 0 0 4 0 1 4 0 0 2 0 0 0 0 0 1 0 
 Enypia venata 0 10 0 0 1 0 0 0 0 0 1 0 0 1 0 0 2 0 
 Euchlaena tigrinaria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Gabriola dyari 0 1 1 0 0 1 0 4 2 0 1 1 0 1 6 0 5 3 
 Hesperumia latipennis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Hesperumia sulphuraria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Iridopsis emasculata 2 2 0 0 2 0 1 8 0 2 12 0 9 0 0 6 17 0 
 Macaria lorquinaria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table A4. continued 
 BH1943 BH1939 VZ1936 CL1934 VZ1924 VZ1922 
 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
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 Macaria signaria 0 14 0 1 19 0 10 9 0 4 10 0 22 0 0 10 33 0 
 Macaria ulsterata  0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 
 Metanema inatomaria 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Nematocampa resistaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
 Neoalcis californiaria 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 3 
 Neoterpes trianguliferata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Nepytia umbrosaria 0 2 4 0 3 3 0 0 0 0 0 1 0 0 0 0 0 0 
 Pero mizon 0 1 0 0 0 0 0 0 0 0 1 0 3 4 0 3 6 0 
 Pero morrisonaria 2 0 0 2 0 0 3 0 0 0 0 0 5 2 0 0 0 0 
 Probole amicaria 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 
 Prochoerodes forficaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Protoboarmia procelaria 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 
 Sabulodes edwardsata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Selenia alciphearia 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
 Sicya crocearia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Stenoporpia pulmonaria 0 0 3 0 0 1 0 0 4 0 0 1 0 0 4 0 0 0 
 Thallophaga hyperborea  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geometrinae                        
 Hemithea aestivaria 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
 Nemoria darwiniata 0 0 0 0 0 0 0 2 0 0 0 0 2 3 0 2 1 0 
Larentiinae                        
 Dysstroma brunneata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Dysstroma citrata  1 0 0 0 0 0 1 0 4 1 0 0 1 1 4 0 1 8 
 Dysstroma formosa 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
 Dysstroma ochrofuscaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table A4. continued 
 BH1943 BH1939 VZ1936 CL1934 VZ1924 VZ1922 
 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
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 Dysstroma sobria  0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Dysstroma truncata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 
 Ecliptopera silaceata 0 2 8 1 0 3 1 0 22 0 2 3 2 16 2 0 5 5 
 Epirrhoe alternata  0 0 0 0 3 0 0 1 0 0 0 0 0 0 0 0 1 1 
 Eulithis destinata 0 3 0 0 0 0 0 0 1 0 6 0 0 0 0 0 1 0 
 Eulithis propulsata  0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 
 Eulithis xylina 0 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 2 
 Euphyia intermediata 1 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 
 Eupithecia columbrata  0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 
 Eupithecia subfuscata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eupithecia sp. 0 0 0 0 2 0 1 0 0 0 0 0 0 1 1 1 3 0 
 Eupithecia unicolor 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 
 Eustroma fasciata 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eustroma semiatrata 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 
 Hydriomena edenata 0 0 0 1 0 0 0 0 0 0 0 0 8 1 0 0 1 0 
 Hydriomena furcata 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
 Hydriomena marinata  2 2 0 0 3 0 4 0 0 0 1 0 0 0 0 0 1 0 
 Hydriomena perfracta 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Hydriomena renunciata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Hydriomena speciosata 0 0 0 0 2 0 4 0 0 0 1 0 0 0 0 0 0 0 
 Mesoleuca ruficillata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Perizoma grandis 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 
 Plemyria georgii 0 0 0 0 0 0 0 0 1 0 0 0 0 0 5 0 0 2 
 Rheumaptera hastata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Rheumaptera undulata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table A4. continued 
 BH1943 BH1939 VZ1936 CL1934 VZ1924 VZ1922 
 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
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 Spargania magnoliata 0 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0 
 Stamnoctenis pearsalli 0 0 0 2 4 0 5 4 0 2 0 0 43 0 0 9 9 0 
 Trichodezia albovittata 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Triphosa haesitata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Venusia cambrica 0 30 14 0 33 10 9 15 4 4 26 32 1 0 29 5 7 8 
Sterrhinae                        
 Cyclophora sp. 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
 Cyclophora pendulinaria 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 1 0 0 
 Scopula junctaria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Lasiocampidae                         
Lasiocampinae                        
 Malacosoma californicum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Phyllodesma americana 1 0 0 0 0 0 3 0 0 0 0 0 1 0 0 2 0 0 
Macromphaliinae                        
 Tolype distincta  0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1 
Noctuidae                        
Acronictinae                        
 Acronicta dactylina 0 0 0 0 0 0 0 6 0 0 0 0 1 0 0 0 0 0 
 Acronicta fragilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Acronicta grisea  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Acronicta innotata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Acronicta radcliffei   0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphipyrinae                        
 Amphipyra tragopoginis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Amphipyra pyramidoides  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table A4. continued 
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 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
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Dilobinae                        
 Raphia frater 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eustrotiinae                        
 Protodeltote  albidula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Noctuinae                        
 Abagrotis apposita 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Abagrotis baueri 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Adelphagrotis indeterminata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Adelphagrotis stellaris  0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Agrotis vancouverensis  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Anaplectoides prasina 0 0 0 0 0 0 0 3 0 0 0 0 1 3 0 0 1 0 
 Anaplectoides pressus  0 3 0 0 0 0 5 1 0 1 0 0 2 0 0 1 2 0 
 Aplectoides condita  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Dargida procinctus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Diarsia dislocata 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
 Diarsia esurialis  1 0 0 0 0 0 6 0 0 0 0 1 8 0 0 2 0 0 
 Diarsia rosaria  0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
 Eurois astricta  0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
 Eurois occulta  0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 0 
 Feltia herilis  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 Graphiphora augur  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
 Homorthodes communis  0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Homorthodes hanhami 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Lacanobia radix  0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2 0 
 Lacinipolia comis  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 
Table A4. continued 
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 Lacinipolia cuneata 0 0 0 0 0 0 9 0 0 0 0 0 4 0 0 1 0 0 
 Lacinipolia davena 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Lacinipolia pensilis 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Leucania farcta  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Lithomoia germana 0 0 0 0 0 0 0 1 5 0 1 0 0 1 0 0 1 0 
 Melanchra adjuncta 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 
 Melanchra nr. assimilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Melanchra pulverulenta 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
 Mniotype versuta  0 5 0 0 3 0 0 1 0 0 0 0 0 1 0 0 3 0 
 Noctua pronuba 0 0 3 0 0 3 0 0 0 2 0 4 4 0 7 0 0 1 
 Ochropleura implecta  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Parabagrotis sulinaris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Peridroma saucia  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Platypolia contadina  0 2 1 0 2 0 0 6 0 0 8 0 0 5 0 0 13 0 
 Polia nimbosa 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 1 0 0 
 Polia piniae  0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
 Polia purpurissata  0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
 Pseudohermonassa flavotincta 0 3 0 0 1 0 0 7 1 0 0 0 0 3 0 0 7 1 
 Pseudorthodes irrorata 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
 Spiramater lutra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Trichordestra liquida  0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
 Xestia c-nigrum  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Xestia mustelina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
 Xestia oblata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Xestia perquiritata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table A4. continued 
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 Xestia smithii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
 Xestia xanthographa  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Zosteoropoda hirtipes 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Oncocnemidinae                        
 Sympistis semicollaris  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pantheinae                        
 Panthea virginarius 6 7 1 5 10 0 9 38 0 0 11 0 4 13 2 9 18 0 
Plusiinae                        
 Abrostola urentis  0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
 Autographa ampla 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
 Autographa corusca  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Autographa mappa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eosphoropteryx thyatyroides 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Syngrapha celsa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
 Syngrapha rectangula 0 0 0 0 1 0 0 0 0 0 0 0 0 1 10 0 3 1 
Xyleninae                        
 Agrochola verberata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Andropolia aedon 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Apamea amputatrix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Apamea cogitata  0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
 Apamea indocilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Apamea vultuosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
 Aseptis adnixa  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
 Aseptis binotata  0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Cosmia elisae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table A4. continued 
 BH1943 BH1939 VZ1936 CL1934 VZ1924 VZ1922 
 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
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 Cosmia praeacuta  0 0 5 0 0 1 0 0 2 0 0 3 0 0 0 0 0 1 
 Enargia decolor 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Enargia infumata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Euplexia benesimilis  0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 3 0 
 Hyppa contrasta 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
 Hyppa indistincta  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Ipimorpha nanaimo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
 Lithophane petulca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 Oligia illocata  0 0 0 0 0 1 0 0 8 0 0 0 0 0 0 0 0 0 
 Oligia indirecta  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Phlogophora periculosa 0 0 1 0 0 0 0 0 0 0 1 0 0 2 0 0 1 0 
 Zotheca tranquilla 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
Notodontidae                        
Heterocampinae                        
 Oligocentria pallida 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
 Oligocentria semirufescens 0 3 0 0 1 0 0 1 0 0 0 0 0 5 0 0 5 0 
 Schizura ipomoeae 0 2 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 
Notodontinae                        
 Pheosia portlandia  0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Phalerinae                        
 Nadata gibbosa 0 0 0 0 0 0 0 4 0 0 8 0 15 8 0 11 9 0 
Pygaerinae                        
 Clostera albosigma  0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
 
                        
Table A4. continued 
 BH1943 BH1939 VZ1936 CL1934 VZ1924 VZ1922 
 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
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Saturniidae  
Saturniinae                       
 Antheraea polyphemus 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Sphingidae                        
Smerinthinae                        
 Paonias excaecatus 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 
 Smerinthus cerisyi 0 1 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 
Uraniidae                         
Epipleminae                         
 Callizzia amorata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  
 
Table A5.  The number of individuals by species collected in one night of trapping per month in June, July, and August 2009 in northwest Washington 
State.  Data are given for each study site and species are arranged by family (bold) and subfamily (underlined), following recently-used higher 
taxonomic arrangement (Lafontaine and Schmidt 2010, Pohl et al. 2010).  Six sites are shown in this table, arranged from left to right by increasing 
stand age (see Table 1).  Data for all other sites are listed in previous tables.   
 CL1915 LW1914 OGLL OGBL OGRP OGSS 
 June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. June  July Aug. 
Drepanidae                        
Drepaninae                        
 Drepana arcuata  0 1 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 
 Drepana bilineata  0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
Thyatirinae                        
 Euthyatira semicircularis 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
 Habrosyne scripta   0 1 0 0 0 0 0 1 0 0 4 0 0 1 0 0 1 0 
 Pseudothyatira 
cymatophoroides 0 2 0 0 0 0 0 0 0 0 2 0 1 2 0 0 0 0 
Erebidae                        
Arctiinae                        
 Clemensia albata 0 4 0 0 0 0 0 4 0 0 0 0 0 14 0 0 29 0 
 Pyrrharctia isabella 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Lophocampa argentata 0 1 0 0 0 0 0 6 0 0 1 0 0 7 0 0 0 0 
 Lophocampa maculata 4 1 0 1 0 0 4 1 0 3 0 0 1 0 0 1 1 0 
 Lophocampa roseata 0 1 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 
 Spilosoma virginica 0 1 0 0 0 0 2 1 0 1 0 0 12 1 0 1 0 0 
Erebinae                        
 Lygephila victoria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hypeninae                        
 Hypena californica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
 Hypena palparia 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
                        
Table A5.  continued 
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Lymantriinae 
 Dasychira grisefacta  0 5 0 0 0 0 0 2 0 1 9 0 0 4 0 0 7 0 
 Leucoma salicis  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Orgyia pseudotsugata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Rivulinae                        
 Rivula propinqualis 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Geometridae                        
Ennominae                        
 Anagoga occiduaria 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 
 Besma quercivoraria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
 Biston betularia   3 7 0 0 0 0 1 8 0 5 0 0 5 1 0 0 0 0 
 Cabera erythemaria 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Campaea perlata  0 3 0 0 1 0 0 3 0 0 3 0 0 0 0 0 1 0 
 Caripeta aequaliaria 3 0 0 0 1 0 45 0 0 9 4 0 9 0 0 4 0 0 
 Caripeta divisata 0 11 0 0 18 0 1 63 0 4 19 0 1 7 0 7 6 0 
 Ectropis crepuscularia 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 
 Ennomos magnaria  0 0 0 0 0 0 0 0 0 0 0 3 0 0 3 0 0 4 
 Enypia packardata 0 3 0 1 3 0 2 0 0 1 9 0 1 4 0 0 1 0 
 Enypia venata 0 6 0 0 0 0 0 7 0 1 4 1 0 1 0 1 1 0 
 Euchlaena tigrinaria  0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
 Gabriola dyari 0 3 15 0 1 0 0 14 0 0 14 3 0 8 2 0 8 3 
 Hesperumia latipennis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Hesperumia sulphuraria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 
 Iridopsis emasculata 0 20 0 0 1 0 3 3 0 1 20 0 6 25 0 9 10 0 
 Macaria lorquinaria  0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
Table A5.  continued 
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 Macaria signaria 4 37 0 5 15 0 6 21 0 3 28 2 2 9 1 1 4 0 
 Macaria ulsterata  1 0 0 0 1 0 0 1 0 0 1 0 0 1 0 1 0 0 
 Metanema inatomaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Nematocampa resistaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
 Neoalcis californiaria 0 0 0 0 1 0 0 0 0 0 2 1 0 1 0 0 1 1 
 Neoterpes trianguliferata 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 
 Nepytia umbrosaria 0 17 4 0 0 2 0 0 0 0 10 1 0 0 0 0 2 0 
 Pero mizon 1 1 0 0 0 0 0 1 0 0 3 0 0 3 0 0 2 0 
 Pero morrisonaria 0 2 0 2 0 0 3 0 0 1 1 0 1 0 0 0 0 0 
 Probole amicaria 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
 Prochoerodes forficaria 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
 Protoboarmia procelaria 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
 Sabulodes edwardsata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Selenia alciphearia 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 
 Sicya crocearia 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Stenoporpia pulmonaria 0 0 2 0 0 0 0 0 3 0 0 3 0 0 2 0 0 3 
 Thallophaga hyperborea  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geometrinae                       
 Hemithea aestivaria 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Nemoria darwiniata 0 0 0 0 0 0 0 0 0 0 2 0 3 1 0 0 0 0 
Larentiinae                       
 Dysstroma brunneata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Dysstroma citrata  1 1 5 1 0 0 0 0 0 0 2 5 1 1 2 0 2 0 
 Dysstroma formosa 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Dysstroma ochrofuscaria 0 0 2 0 0 0 0 0 0 0 0 0 0 3 1 0 0 0 
Table A5.  continued 
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 Dysstroma sobria  3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
 Dysstroma truncata 0 1 0 0 0 0 0 0 0 0 3 0 0 0 0 0 1 0 
 Ecliptopera silaceata 0 1 4 0 0 0 0 0 0 1 1 0 0 0 2 0 0 0 
 Epirrhoe alternata  0 1 2 0 0 0 0 7 0 0 9 0 0 3 0 0 0 0 
 Eulithis destinata 0 1 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2 
 Eulithis propulsata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
 Eulithis xylina 0 0 0 1 0 0 0 1 0 0 2 0 0 2 0 0 0 0 
 Euphyia intermediata 0 2 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 
 Eupithecia columbrata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eupithecia subfuscata 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eupithecia sp. 0 0 0 0 0 0 0 3 0 0 3 0 0 3 0 1 1 0 
 Eupithecia unicolor 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
 Eustroma fasciata 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Eustroma semiatrata 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Hydriomena edenata 4 0 0 0 0 0 2 1 0 1 0 0 1 1 0 0 1 0 
 Hydriomena furcata 0 1 0 1 0 0 0 0 0 0 2 0 0 0 0 0 1 0 
 Hydriomena marinata  3 3 0 1 0 0 0 0 0 1 2 0 0 0 0 0 0 0 
 Hydriomena perfracta 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 
 Hydriomena renunciata 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Hydriomena speciosata 0 0 0 0 0 0 0 4 0 0 3 0 0 0 0 0 0 0 
 Mesoleuca ruficillata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
 Perizoma grandis 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 11 0 
 Plemyria georgii 0 1 2 0 0 0 0 1 0 0 0 1 0 1 13 0 0 0 
 Rheumaptera hastata 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Rheumaptera undulata 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table A5.  continued 
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 Spargania magnoliata 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 0 1 0 
 Stamnoctenis pearsalli 7 8 0 1 2 0 5 12 0 7 26 0 4 5 0 0 0 0 
 Trichodezia albovittata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Triphosa haesitata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
 Venusia cambrica 4 52 30 1 3 9 2 14 3 0 14 0 1 10 1 1 3 0 
Sterrhinae                        
 Cyclophora sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Cyclophora pendulinaria 0 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 0 0 
 Scopula junctaria  0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Lasiocampidae                         
Lasiocampinae                        
 Malacosoma californicum 0 1 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 
 Phyllodesma americana 0 0 0 1 0 0 0 0 0 0 0 0 4 0 0 0 0 0 
Macromphaliinae                        
 Tolype distincta  0 0 0 0 0 0 0 0 5 0 0 1 0 0 2 0 0 3 
Noctuidae                        
Acronictinae                        
 Acronicta dactylina 0 2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 3 0 
 Acronicta fragilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Acronicta grisea  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Acronicta innotata 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Acronicta radcliffei   0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Amphipyrinae                        
 Amphipyra tragopoginis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Amphipyra pyramidoides  0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 1 
Table A5.  continued 
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Dilobinae                        
 Raphia frater 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eustrotiinae                        
 Protodeltote  albidula 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Noctuinae                        
 Abagrotis apposita 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Abagrotis baueri 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Adelphagrotis indeterminata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 Adelphagrotis stellaris  0 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 
 Agrotis vancouverensis  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Anaplectoides prasina 0 4 1 0 4 0 0 2 0 0 15 2 0 0 2 0 2 0 
 Anaplectoides pressus  0 0 0 0 0 0 0 0 0 0 9 0 1 1 0 0 1 0 
 Aplectoides condita  0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 
 Dargida procinctus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Diarsia dislocata 0 6 0 0 0 0 0 1 0 0 6 0 0 2 0 0 3 0 
 Diarsia esurialis  1 0 0 0 0 0 3 0 0 0 0 0 1 1 0 4 0 0 
 Diarsia rosaria  0 0 0 0 0 0 0 0 0 0 1 2 0 0 0 0 0 2 
 Eurois astricta  0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 
 Eurois occulta  0 0 1 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2 
 Feltia herilis  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Graphiphora augur  0 0 0 0 0 0 0 5 0 0 1 0 0 0 0 0 1 0 
 Homorthodes communis  0 0 1 0 0 0 0 0 0 0 2 0 0 1 1 0 8 0 
 Homorthodes hanhami 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Lacanobia radix  0 3 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
 Lacinipolia comis  0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
Table A5.  continued 
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 Lacinipolia cuneata 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 
 Lacinipolia davena 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Lacinipolia pensilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Leucania farcta  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Lithomoia germana 0 2 0 0 1 0 0 1 0 0 5 0 0 0 0 0 1 0 
 Melanchra adjuncta 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
 Melanchra nr. assimilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Melanchra pulverulenta 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 0 
 Mniotype versuta  0 1 0 0 3 0 0 4 0 0 0 0 1 0 0 0 0 0 
 Noctua pronuba 0 0 8 0 0 0 1 0 1 0 0 0 0 0 7 0 0 0 
 Ochropleura implecta  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Parabagrotis sulinaris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Peridroma saucia  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Platypolia contadina  0 2 0 0 0 0 0 0 0 0 3 0 0 2 0 0 5 1 
 Polia nimbosa 0 0 0 0 0 0 1 0 0 0 1 0 3 0 0 1 0 0 
 Polia piniae  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Polia purpurissata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Pseudohermonassa flavotincta 0 1 2 0 0 0 0 9 0 0 8 2 0 8 12 0 5 1 
 Pseudorthodes irrorata 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
 Spiramater lutra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Trichordestra liquida  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Xestia c-nigrum  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Xestia mustelina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Xestia oblata 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Xestia perquiritata 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Table A5.  continued 
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 Xestia smithii 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Xestia xanthographa  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Zosteoropoda hirtipes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Oncocnemidinae                        
 Sympistis semicollaris  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pantheinae                        
 Panthea virginarius 0 15 1 16 21 0 8 131 3 11 4 0 19 15 0 4 0 0 
Plusiinae                        
 Abrostola urentis  0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 
 Autographa ampla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Autographa corusca  0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
 Autographa mappa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Eosphoropteryx thyatyroides 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
 Syngrapha celsa 0 1 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Syngrapha rectangula 0 1 0 0 0 0 0 2 0 0 0 4 0 0 0 0 0 0 
Xyleninae                        
 Agrochola verberata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Andropolia aedon 0 0 0 0 0 0 0 0 0 0 0 6 0 0 5 0 0 1 
 Apamea amputatrix 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Apamea cogitata  0 0 0 0 0 0 0 0 0 0 0 0 1 3 0 0 0 0 
 Apamea indocilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Apamea vultuosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Aseptis adnixa  0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 
 Aseptis binotata  0 0 1 0 0 0 0 0 0 0 1 3 0 0 0 0 0 0 
 Cosmia elisae 0 0 0 0 0 0 0 0 0 0 10 0 0 4 0 0 0 0 
Table A5.  continued 
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 Cosmia praeacuta  0 0 4 0 0 2 0 0 0 0 0 6 0 0 1 0 0 2 
 Enargia decolor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Enargia infumata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Euplexia benesimilis  0 0 0 0 0 0 0 1 0 0 2 0 0 1 0 0 1 0 
 Hyppa contrasta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Hyppa indistincta  0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 2 0 
 Ipimorpha nanaimo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 
 Lithophane petulca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Oligia illocata  0 0 2 0 0 0 0 0 0 0 0 2 0 0 1 0 0 0 
 Oligia indirecta  0 2 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
 Phlogophora periculosa 0 1 1 0 0 1 0 0 0 0 9 1 0 7 2 0 3 0 
 Zotheca tranquilla 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 
Notodontidae                        
Heterocampinae                        
 Oligocentria pallida 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Oligocentria semirufescens 0 7 0 0 0 0 0 6 0 0 3 0 3 4 0 0 1 0 
 Schizura ipomoeae 0 0 0 0 0 0 0 0 0 0 3 0 0 2 0 0 2 0 
Notodontinae                        
 Pheosia portlandia  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Phalerinae                        
 Nadata gibbosa 1 2 0 0 0 0 7 5 0 1 0 0 11 1 0 3 1 0 
Pygaerinae                        
 Clostera albosigma  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Saturniidae  
Saturniinae                        
 Antheraea polyphemus 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
Sphingidae                        
Smerinthinae                        
 Paonias excaecatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 Smerinthus cerisyi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Uraniidae                         
Epipleminae                         
 Callizzia amorata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Appendix B 
 
Table B1.  Descriptive statistics for moth and vegetation data at each study site. Included in this table are 
values for sample size and observed species richness and diversity (Shannon [H’], Simpson [1 – D], and alpha 
diversity indices) for moths collected using ultraviolet light traps.  Also included are Shannon and Simpson 
indices of vegetational diversity, which was calculated using relative abundance of tree species and percent 
cover for the following categories: herbs, mosses, sword fern, other ferns, Vaccinium, and other shrubs.   
    Moth Vegetation 
Site  
Stand 
age 
Sample 
size  
Species 
richness Shannon  
J’ 
evenness Simpson  Alpha Shannon Simpson 
Previously-logged sites        
VZ2008 1 34 17 2.57 0.91 0.90 14.72 0.68 0.49 
VZ2005 N 4 59 29 3.55 0.91 0.96 24.62 1.74 0.79 
VZ2005 S 4 187 50 3.20 0.95 0.95 31.00 1.81 0.80 
BH2001 8 181 35 2.32 0.65 0.81 13.00 1.53 0.74 
CL1990 19 273 59 3.21 0.79 0.92 24.08 1.34 0.61 
BH1988 21 151 31 2.70 0.79 0.89 12.33 1.53 0.67 
BH1983 26 256 51 3.24 0.83 0.93 22.17 1.47 0.65 
CL1978 31 468 57 2.93 0.73 0.90 17.47 1.40 0.67 
VZ1975 34 500 68 3.18 0.76 0.92 21.48 1.96 0.83 
VZ1966 43 238 45 2.77 0.73 0.89 16.64 1.71 0.75 
VZ1963 46 160 44 3.30 0.87 0.95 20.67 1.66 0.71 
VZ1956 53 248 50 3.05 0.78 0.91 19.26 1.45 0.72 
BH1943 66 210 50 3.20 0.82 0.92 21.75 1.89 0.82 
BH1939 70 179 41 2.90 0.78 0.90 17.35 1.83 0.80 
VZ1936 73 584 64 3.43 0.82 0.95 21.51 1.61 0.75 
CL1934 75 271 47 2.89 0.75 0.89 17.83 1.65 0.74 
VZ1924 85 413 74 3.64 0.85 0.96 27.02 1.76 0.78 
VZ1922 87 372 74 3.62 0.84 0.96 28.54 1.80 0.79 
CL1915 94 427 71 3.41 0.80 0.93 25.06 1.72 0.76 
LW1914 95 145 28 2.42 0.73 0.85 11.21 1.92 0.83 
Old growth sites        
OGLL 155 614 56 2.91 0.72 0.88 16.27 1.94 0.84 
OGBL 166 424 82 3.84 0.87 0.97 30.62 1.89 0.81 
OGRP 280 414 81 3.88 0.88 0.97 31.91 1.96 0.82 
OGSS 500 226 67 3.64 0.87 0.96 33.27 2.02 0.85 
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Appendix C 
 
A sample programming script used in R for random subsampling of community data and calculation 
of estimated diversity per site for a standardized sample size of 125.  Script provided by Ben Miner, 
Western Washington University Biology Department. 
 
 
library(vegan) 
exp.data.site <- rep(1:190, times=c( )) 
iterations <- 1000 
diversities <- rep(-1, iterations) 
for(i in 1:iterations){ 
 sub <- sample(exp.data.site,125) 
 tots <- t(table(sub)) 
 diversities[i] <-diversity(tots,index="shannon") 
} 
mean(diversities) 
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Appendix D 
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Figure D1.   The three most common tree species observed in this study reported here as percent  
abundance and plotted against stand age.  Values were determined in the field by visual estimation.  
Shown here are Douglas fir (Pseudotsuga menziesii), western red cedar (Thuja plicata), and western  
hemlock (Tsuga heterophylla). 
 139 
 
Stand age (years)
0 20 40 60 80 100 200 400
H
e
rb
s
 (
p
e
rc
e
n
t 
g
ro
u
n
d
 c
o
v
e
r)
0
5
10
15
20
25
30
Stand age (years)
0 20 40 60 80 100 200 400
B
a
re
 (
p
e
rc
e
n
t 
g
ro
u
n
d
 c
o
v
e
r)
0
20
40
60
80
100
Stand age (years)
0 20 40 60 80 100 150 300 450
C
a
n
o
p
y
 c
o
v
e
r 
(p
e
rc
e
n
t 
c
o
v
e
ra
g
e
)
0
20
40
60
80
100
A) B)
C)
 
  
Figure D2.  Percent cover of herbs, bare ground, and canopy cover by site and plotted by stand 
age.  Circles represent previously-logged sites, diamonds represent old growth sites. Values for 
herbs and bare ground were determined by visual estimation and were averaged from six 1 m2 
quadrats. Average canopy cover was determined by a convex-mirrored densiometer (n=6 per 
site).  The effect of stand age in previously-logged stands was significant only for herbs (A), y = 
0.89x + 9.515, R2 = 0.373, p = 0.004.   
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Figure D3.  Percent cover of ground vegetation by site for six categories: moss, saplings, sword fern, other ferns, Vaccinium, and other shrubs.  Circles 
represent previously-logged sites, diamonds represent old growth sites. Values were determined by visual estimation and were averaged from six 1 m2 
quadrats. The effect of stand age in previously-logged stands was significant only for sword fern (B), y = 0.384 X + 8.50, R2 = 0.294, p = 0.014.   
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Figure D4. Values for Shannon (top) and Simpson (bottom) diversity indices for vegetation data 
and plotted by stand year.  Index values were based on relative abundance (%) of tree species and 
percent cover for the following categories of ground cover vegetation: sword fern, other ferns, 
Vaccinium, other shrubs, mosses, and herbs.  Circles represent previously-logged sites and 
diamonds indicate old growth sites. Linear regression trend lines are not shown here because one 
site displayed in both graphs (VZ2008) was removed from the analysis because of issues of non-
normality and heteroscedasticity.  Old growth sites were not included in regression analysis. Test 
results excluding the outlier near the origin: (top): p = 0.082, R2 = 0.168; (bottom): p = 0.094, R2 = 
0.156.   
